Human dimensions of conservation, land use, and climate change in Huascaran National Park, Peru by Lipton, Jennifer Kristen
  
 
 
 
 
 
 
 
Copyright 
by 
Jennifer Kristen Lipton 
2008 
 
 
 The Dissertation Committee for Jennifer Kristen Lipton Certifies that this is the 
approved version of the following dissertation: 
 
 
Human Dimensions of Conservation, Land Use, and Climate Change in 
Huascaran National Park, Peru 
 
 
 
 
 
Committee: 
 
Kenneth R. Young, Supervisor 
Gregory W. Knapp 
Kelley A. Crews 
Karl W. Butzer 
Richard H. Richardson 
Human Dimensions of Conservation, Land Use, and Climate Change in 
Huascaran National Park, Peru 
 
 
by 
Jennifer Kristen Lipton, B.S.; M.A. 
 
 
 
Dissertation  
Presented to the Faculty of the Graduate School of  
The University of Texas at Austin 
in Partial Fulfillment  
of the Requirements 
for the Degree of  
 
Doctor of Philosophy 
 
 
The University of Texas at Austin 
August 2008 
  
 
 
Dedication 
 
This is dedicated to the following list because of one or all of these characteristics: 
 inspiration, beauty, integrity, patience, and support 
 
The mountain landscape, water in all forms, the flora and fauna of the Peruvian Andes 
The communities, families, and friends that live in and around the Cordillera Blanca 
My mentors that guided me in the discipline, in the classroom, and in the field 
Friends that I’ve had all along and friends that I met along the way 
Loving  family that were always by my side 
Thank you 
 
  
 
 v 
 
 
 
 
Acknowledgements 
 
There is not enough space, and certainly not enough time, to express the amount 
of gratitude that I have to so many for making this research a reality. Many of the people 
that deserve this acknowledgement will probably not ever read these pages. And, so it is 
those individuals that I want to acknowledge first: the inhabitants living within reach of 
the Cordillera Blanca that sat with me, laughed with me, patiently listened while I spoke 
in broken Spanish, answered my questions, let me sit in on meetings, taught me about 
their landscape and lives, taught me how to dance a huayno, and showed me a dynamic 
landscape that is worth more than all of the gold contained within the hills. This work 
would not have been possible without the everyday subtle assistance and random acts of 
kindness that were given graciously by so many individuals in Peru.  
Access to many places, meetings, and people’s homes were made possible 
through trusted field assistants that were able to get me to and from, and bridge all of the 
gaps in between, especially with my Spanish and Quechua abilities: Pablo Tadeo Cilio, 
Hugo Mejia, Victor Meza, Yuri Shuan, Carlos Alarcón, Manuel Evaristo Sanchez, Mario 
Villanueva, and Denis Espinal. All of these gentlemen put time and effort in to achieve 
the end result of this work and so it is as much a part of their research as it is mine. A big 
 vi 
heartfelt thank you for sharing your homes, food, burros, and time with me in order to 
carry out this work. (The preciosa - GPS - made it safely back to Texas!) 
This research was made possible through funding by the National Science 
Foundation, The David Boren Fellowship, The University of Texas at Austin Thematic 
Fellowship for research on Poverty, Mobility, and Sustainability, and a FLAS grant for 
Quechua language.  
I also want to express my sincerest gratitude to the individuals that I came into 
contact with that work in Peru in NGOs, Government Organizations, and in Academics. 
The team at The Mountain Institute were invaluable. Offering of workspace, research 
notes, computers, access to meetings, rides to distant villages were all not part of their 
responsibilities and yet they gave of them willingly. This cooperation did not go 
unnoticed. My hope is that someday I will be able to give back something meaningful to 
the Institute. Specifically, I want to acknowledge the dedication of Jorge Recharte, Alton 
Byers, and Miriam Torres. Also, the humor and kindness of the rest of the crew fills my 
heart with joy and reassures me that some relationships are bound to last with Lucho 
Osconoa, Roberto Arevalo, Karen Price, Nadia Mora and Carlos, Juan Sanchez Duran, 
and my copadres Vidal Rondán and Mary Chavéz Osorio. And, of course, Mama Cotí, 
Dora, and the entire family. Thank you for making my evenings and days warmer by 
sharing food and conversation for hours. 
A number of other individuals associated with Peruvian organizations, such as 
INRENA in the Park Office and in the Glaciology Unit, were also indespensible for this 
research. In the Park office, Lorenzo Champa Verástegui spent hours discussing the 
origins of Huascaran National Park. Rene Valencia Padilla, Oswaldo Gonzalés de Pas, 
 vii 
Selwyn Valverde, Martin Poma, Paulino Justiniano, Marlene Rosario Guerrero, and Frida 
Caballero Bedrinana spent time sifting through maps, air photos, and GPS points to 
create the database of information. In the INRENA Glaciology Unit hours were spent 
working on the computers and getting to know the team. Ventures out to check stakes and 
examine the data recorders were carried out with an amazing group of people that are 
found in this department: Marco Zapata, Nelson Santillan, Willy Tamayo, Jesus Gomez, 
and Jose Carrasco. In the realm of NGOs, Gustavo Escobar and Pedro Comacho were 
gracious providing contacts and field information. Hildegardo Cordova at PUCP assisted 
me upon arrival in Peru and introduced me to students and facilities in Lima at the 
University. Likewise, Asuncion Cano and Mary La Torre at the Field Museum showed 
me around the herbarium and the backroads of the Cordillera Blanca. Of course, these 
contacts would not have been made had it not been for my mentors from Austin. 
Above all else, this research and my intellectual growth has ultimately benefited 
the most from the support and guidance by my committee, particularly from my advisor, 
Kenneth Young. Ken is supportive, encouraging, patient, intellectually challenging, and 
an overall excellent mentor. I am fortunate that I had the opportunity to experience his 
knowledge of Peru in the classroom and while in country, with Blanca León by his side. 
It was a blessing to have had the opportunities to be with Ken and Blanca and their 
family in Peru. They both introduced me to Peruvian landscapes in a way that I had not 
seen them before and I thank them immensely for that. Many of these moments in Peru 
were accompanied by Kelley Crews, another individual that has played a large part in this 
research and my intellectual development. Kelley has been an invaluable mentor and 
 viii 
friend. I owe her a debt of gratitude for introducing me to the enchanting world of pixels 
and for often reminding me to look on the “fluffy” side of life. 
I have learned so much about being a Geographer from my committee and from 
my experiences as a Masters Student at the University of Texas. This was initiated and 
largely influenced by Greg Knapp and his enduring support, fresh, open ideas, and 
encouragement. Likewise, Karl Butzer always offered positive encouragement while 
providing training in thorough and detailed research. Dick Richardson and Pat 
Richardson were extremely influential for demonstrating that there are other ways of 
seeing the whole picture, holistically. I am still looking forward to the time when we can 
all meet in the puna together. 
I would like to extend my gratitude to all of my colleagues that worked alongside 
me in the Geography Department and the Digital Lab, Manuel Peralvo and Linda 
Grijalva, Molly Polk, Brook Kintz, Julio Postigo, Santiago Lopez and Augustine 
Avwundiogba. Acknowledgements are also extended to Brandie Farris for sharing long 
discussions in Peru and in the States about our research. I have been fortunate to have 
met friends in Austin, such as Helen Cortes Burns, Brenda Baletti, and Kisha Wacker, 
that helped me to laugh, relax, and have fun through the final stages. 
Lastly, I would like to acknowledge my family: my mother, who is always loving, 
encouraging, tirelessly editing, and building up my confidence, my Step-father, Kenneth, 
who has stood beside me, advised me and coached me regardless of what the future may 
hold, my Grandmother, who kept me going with positive words, guidance and laughter, 
my father and Margaret who listened, loved, and encouraged, my sister for patiently 
waiting one more year. And of course, to Stefan and Dillon, thank you for everything.    
 ix 
Human Dimensions of Conservation, Land Use, and Climate Change in 
Huascaran National Park, Peru 
 
Publication No._____________ 
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Supervisor:  Kenneth R. Young 
 
 This research adopts a multi-scale approach to examine the patterns, processes, 
and perceptions of landscape change within the core and buffer zone of Huascaran 
National Park, Peru. Within the park’s boundaries are the extensively glaciated Cordillera 
Blanca Mountains, where runoff from glaciers feeds into lakes, streams, and wetlands to 
provide hydrologic resources to populations on the periphery for agriculture, as well as 
hydropower to populations in distant urban areas. Inhabitants living on the periphery 
have livelihoods that are dependant upon land and natural resources found within the 
park’s core and buffer zone, while governance institutions mediate access and resource 
use. Landscape transformations occurring within and around the park are a result of 
human agency, biophysical change, and global climate change. A suite of qualitative and 
quantitative methodologies were used to investigate the coupled social and ecological 
 x 
dynamics of conservation, land use, and implications of climate change in Huascaran 
National Park. 
 The principal objectives of this research were to assess the spatial and temporal 
patterns of landscape change using land-use and land-cover data from remotely sensed 
imagery and to examine the role of institutions on resource governance at multiple scales. 
A hybrid classification method was used to classify Landsat (TM and ETM+) satellite 
data for the years of 1987 and 2001. Hypotheses regarding the spatial and temporal 
dynamics of land-cover change were tested. Results indicate that the percent of land 
cover from the woodland, cropland, and snow and ice classes were reduced internal to the 
core of the national park, while the land-cover class of shrubland increased. Interviews 
with 143 informants revealed perceptions of landscape change and narratives of socio-
political land use change. Interview data corroborated the findings of reduced land cover 
in the snow and ice class. Data also demonstrated that legacies of land tenure and 
governance are essential for evaluating the adaptive capacity of different institutions and 
communities confronting conditions of climate change. This research contributes to 
literature on dynamics and processes of landscape change by bridging analytical 
frameworks from landscape ecology, cultural and political ecology, and land change 
science and contributing to human dimensions of global change research. 
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CHAPTER I 
Introduction 
1.1 RESEARCH OBJECTIVES AND CONTEXT 
The research presented in this dissertation examines the trajectories of Andean 
land-use and land-cover change within and around a tropical Andean protected area, 
Huascaran National Park (HNP), Peru, with an objective to address the human 
dimensions of conservation, climate change, and land use (Figure 1.1). This research also 
identifies and quantifies changes in patterns of land cover and land use in HNP and its 
buffer zone between the years of 1987 to 2001, and interprets these changes in relation to 
perceptions of change and governance by local, regional, and international actors. 
Situated in the human dimensions of global change research agenda (NRC, 1998; 
Liverman et al., 2003; IGBP, 2005; Janssen et al., 2006), the goal of this study is to 
contribute to knowledge of Andean landscape change by incorporating multi-scalar social 
and biophysical variables. Major questions that are addressed include: 
• What historical and societal factors contribute to the current management 
strategies and challenges facing Huascaran National Park, Peru? 
• What are the land cover classes and patterns of land cover within 
Huascaran National Park and buffer zone?  
• How have the extent, distribution, and pattern of land cover and land use 
changed over time on a landscape scale?
  2   
 
Figure 1.1: Location of Huascaran National Park in the Department of Ancash, Peru. 
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• What are the major drivers affecting landscape change within the National 
Park? How do stakeholders perceive land-use and land-cover changes over 
the past twenty years and what is the relevance to conservation and 
governance of resources within the park and in the buffer zone? 
• How are local livelihoods, national priorities, and conservation agendas 
affected by the implications of climate change?  
• Are the coupled social-ecological systems of the Andes demonstrating 
characteristics of resilience or adaptation in response to changes in 
climate? 
• Does the integration of analytical frameworks from landscape ecology, 
cultural and political ecology, and land change science contribute to 
innovative research approaches on social-ecological systems in the Andes?  
•  How are geospatial technologies applicable to studying the potential for 
conservation corridors in complex topographic terrain where there are 
multiple land use and governance systems concerned? 
Firmly rooted in biogeography and cultural and political ecology, this research is 
predicated upon the knowledge that landscape change is a result of the dynamic interplay 
of biophysical variables in conjunction with culture. Ultimately, human actions are 
grounded in perceptions, culture and political-economy, and result in adaptations, 
feedbacks, and changes to the biophysical environment (Thomas et al., 1956; Butzer, 
1980; Blaikie and Brookfield, 1987b; Zimmerer and Young, 1998; Butzer, 2005).  
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Human Environment Research 
Human strategies of land and resource use are dynamic and, along with 
environmental feedbacks, result in mutable social-ecological systems (Berkes and Folke, 
2002). The patterns and processes associated with landscape transformations in the 
Andean highlands are likely to be a result of both human agency and biophysical change 
(Murra, 1972; Guillet, 1981; Knapp, 1991; Young, 1997; Gade, 1999; Mayer, 2002; 
Young et al., 2002) and are confounded by implications of global climate change 
(Orlove, 2002; Rhoades et al., 2006; Young and Lipton, 2006). Landholders and 
institutions with diverse interests utilize these landscapes and have done so for thousands 
of years (Murra, 1972; Brush, 1976; Mayer, 2002; Sarmiento, 2003). 
Significant pioneering research on agro-pastoral production systems in various 
Andean communities identified multiple mechanisms of household and community 
governance of land and resources throughout the Andes (e.g., Mayer, 1974; Brush, 1976; 
Flores Ochoa, 1977; Orlove, 1977a; Brush, 1981; Denevan, 1983; Knapp, 1991; 
Zimmerer, 1996; Mayer, 2002). Additionally, recent studies of Andean land use and land 
cover change using diverse methods have identified that the temporal, spatial, and 
disturbance scales of land use and land cover change are occurring at previously 
unprecedented rates, integrate hybrid systems of governance, and increasingly involve 
institutions for nature conservation (Sierra et al., 2003; Hansen and DeFries, 2005; 
Brandt and Townsend, 2006; Mena et al., 2006; Messina et al., 2006; Rhoades et al., 
2006). However, understanding patterns of agropastoral production systems and land 
cover change in and around conservation areas with a focus on climate change is still 
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nascent, with a few notable exceptions (Young, 1990; Young, 1993; Byers, 2000; Kintz 
et al., 2006). 
Contemporary strategies of land and resource use in the Andes integrate multiple 
actors and socio-political structures that function via cultural processes (Young and León, 
1993; Bebbington, 1996). Globally, local institutions for governing land and resources 
are increasingly linked to non-local institutions, economies, and decision-making 
processes due to globalization (Young et al., 2006a). For purposes here, institutions will 
be defined as formal and informal structures with their own decision-making rules. 
Institutions operate within a set of norms, rules, and routines that are context specific and 
acted upon through an understood logic as determined by cultural, social, and extant 
political structures (Ostrom, 1990; Gibson et al., 2000a; Young et al., 2006b). Often, 
formal and/or informal institutions mediate access, control, and governance of natural 
resources (Ostrom, 1990; Dietz et al., 2003). Individuals are enmeshed and participate in 
institutions that may constrain, and/or influence behavior, decisions, opportunities, and 
actions regarding natural resources and land use (Bebbington, 1997; Ostrom and 
Nagendra, 2006). Individuals act within their own decision-making context and are 
linked to social systems through networks that operate on varied spatial and temporal 
scales (Blaikie and Brookfield, 1987b; Butzer, 1990; Turner et al., 1990; Zimmerer and 
Young, 1998; Klepeis and Turner II, 2001). 
This study examines patterns of land use and land cover in a section of the 
Peruvian Andes that is undergoing rapid glacial retreat as a result of climate change, a 
finding that has been well established in long-term research by numerous investigators 
(Kaser, 2001; Thompson, 2003; Vuille et al., 2007). A corollary objective in this study is 
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to identify the varied patterns of resource use by inhabitants that reside in communities 
on the periphery of Huascaran National Park and to identify their perceptions of land 
cover change in the buffer zone and core of the park. Listening to and documenting 
inhabitants’ perceptions of landscape change reveals not only what is changing in the 
environment but how institutions are involved in multi-scalar levels of governance in and 
around a protected area (Ostrom, 1990; Bollig and Schulte, 1999; Gibson et al., 2000a).  
People and Parks  
A recent proliferation of parks and protected areas in Latin America offer fertile 
ground for Geographers to examine the conceptual and/or political boundary between 
nature and society and the manner in which both change in time (Denevan, 1983; 
Liverman et al., 2003; Zimmerer and Bassett, 2003b; Zimmerer et al., 2004; Naughton-
Treves et al., 2005). Protected areas and parks are specific territories of land and/or sea 
that have defined legal boundaries due to biodiversity, environmental services, and 
natural or cultural resources (McNeely, 1993; IUCN and Centre, 1998). The normative 
objectives of a protected area are to manage, maintain, and protect natural and cultural 
resources by adhering to a prescribed set of rules-of-use within a spatially defined 
territory. The effectiveness of parks for conservation is often called into question (e.g., 
Chapin, 2004; Robbins et al., 2006) due to the lack of management, infrastructure, local 
compliance and involvement (Pimbert and Pretty, 1995; Agrawal, 1997; Brandon et al., 
1998; Sundberg, 1999; Chapin, 2004).  
Buffer zones (BZ), a component of biosphere reserve designs, were established to 
serve as a transition area surrounding a protected area where inhabitants would pursue 
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livelihoods and sustainable economic opportunities (Wells and Brandon, 1993; IUCN, 
1994). The premise of a BZ is that protection of a core conservation area is secured from 
human impacts by having adjacent communities pursue sustainable development 
practices and by partially restricting land-use by the surrounding inhabitants (Wells and 
Brandon, 1993; Nepal and Weber, 1994). Sustainable economic and environmental 
development programs, often run by international, national, or faith-based NGOs 
promote economically sustainable incentives and opportunities for the local communities 
(Batisse, 1986; Wells and Brandon, 1992; Neumann, 1997). However, numerous 
approaches for conservation that are not site or politically context specific or community-
based are considered as top-down conservation approaches and may be highly contested 
with regards to social justice, environmental management strategies, and/or 
implementation (Neumann, 1997; van Schaik and Rijksen, 2002; Chapin, 2004; Schelhas 
and Sanchez-Azofeifa, 2006; Sundberg, 2006). Therefore, there is a need to examine the 
patterns of land cover and land use within the BZ of a park as an essential component of 
understanding how both communities and conservation coexists. 
Multiple Frameworks of Analysis 
This study will contribute to the rather recent integrated land change science 
(Turner, 2002) of “socializing the pixel” (Geoghegan et al., 1998) by linking data of 
people that live on the periphery of a protected area in a region that is affected by climate 
change, and their collected stories, perceptions, and decision-making context, to pixels 
within remote sensing data analyses (Jiang, 2003; Rindfuss et al., 2004a). Investigating 
patterns of land use/cover change examines social and ecological drivers of landscape 
  8   
change. An examination of human dimensions of land-cover and land-use change in and 
around a protected area must incorporate the multiple institutions and linkages that 
contribute to drivers of change, governance, and land use restrictions inherent with a 
National Park (Crews-Meyer, 2002b; Janssen et al., 2006). Ultimately, results from these 
studies may be used to inform policy (Meyer and Turner, 1994; Keating, 1997; 
Geoghegan et al., 1998; Lambin et al., 2001; Crews-Meyer, 2002b; Turner et al., 2003; 
Rindfuss et al., 2004b). 
Examining and quantifying the structure, function, and dynamics of landscape 
patterns interacting with ecological processes are the primary goals of landscape ecology 
(Forman and Godron, 1986; Turner et al., 2001; Burgi et al., 2004). The transdisciplinary 
approach found in landscape ecology, melding geographers, ecologists, and conservation 
biologists, continues to evolve with advances in the use and application of geospatial 
technologies (Crews-Meyer and Young, 2006). Concurrent with the study of landscape 
ecology is innovative research in cultural and political ecology which is devoted to the 
processes, scale and context of human behavior in the modification of landscape patterns 
(Blaikie and Brookfield, 1987b; Walsh and Crews-Meyer, 2002; Robbins, 2004; 
Zimmerer, 2006a). Parks and protected areas are increasingly important sites for research 
using either landscape ecology or political ecology (Zimmerer and Young, 1998; 
Robbins, 2004; Naughton-Treves et al., 2005; Southworth et al., 2006b; Young and 
Rodriquez, 2006). However, rarely do analyses merge these analytical frameworks. 
Therefore, this research attempts to analyze parks and protected areas by engaging 
analytical frameworks from landscape ecology and cultural and political ecology. 
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Temporal, spatial and hierarchical scales are intrinsic to the discipline of 
Geography and are a focus of contemporary political ecology and landscape ecology 
research (Meetenmeyer and Box, 1987; Swyngedouw, 1997; Scott et al., 1999; Zimmerer 
and Bassett, 2003a; Butzer, 2005; Southworth et al., 2006a; Turner, 2006). However, 
there are still lacunae in the consideration of multiple temporal, spatial, and hierarchical 
scales. A goal of this research is to examine the role of conservation design in highland 
Peru by evaluating the linkages between local people, conservation agendas, and climate 
change. Increasingly, the conjunction of these themes, and the scholars and the literature 
produced, contribute to interdisciplinary research agendas, such as the International 
Human Dimensions Programme on Global Environmental Change (IHDP) (Janssen et al., 
2006; Vogel, 2006), by investigating the scales and trajectories of synergy and feedbacks 
between humans and global climate change.  
As will be demonstrated by this research, the human dimensions of conservation 
and land-cover change in a national park in the Peruvian Andes affected by climate 
change requires a grounded understanding of socially and ecologically driven land-use 
decisions for resource governance. In essence, the foci of this study are the following: 1) 
a multi-scalar methodological framework situated in landscape and political ecology 
principles and theory, 2) an assessment of Andean protected-area management, revealing 
how perceptions and narratives of land-cover change and resource management affect 
conservation planning in mountain environments, 3) an analysis on how unique historical 
antecedents affect Andean community resource use and management, 4) a discussion on 
the challenges of linking data for “socializing the pixel” (Geoghegan et al., 1998), and 5) 
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an examination of the human dimensions of climate, conservation and land-cover change 
in complex mountain environments. 
1.2  STUDY SITE SELECTION 
Protected areas in mountain regions lend insight to research on global change 
because: 1) as parks, institutions mediate the amount of human presence and intensity of 
land use, and 2) mountain glaciers serve as functional indicators of climate variability. 
This study takes place in the Peruvian Andes in Huascaran National Park and its buffer 
zone (HNP) in the department of Ancash in north-central Peru (Figure 1.1). HNP is 
positioned along the tropical portion of the Andes that has been considered one of the 
most important “hotspot” regions for biodiversity due to the number of endemic plant and 
animal species (Dinerstein et al., 1995; Mittermeier et al., 2000; Orme et al., 2005). HNP 
is a tropical mountain conservation area, renowned for the landscape of the Cordillera 
Blanca mountain range with the highest peak being the park’s namesake, Mt. Huascaran 
(6,768 m). Huascaran National Park was selected for this study because it is a montane 
park that was formalized in 1975 and is, therefore, one of the earliest protected areas in 
Peru. It can be hypothesized that parks and protected areas offer useful units to identify 
and distinguish drivers of environmental change. Moreover, in the case of HNP, 
dynamics of land-use and land-cover change have occurred within the context of 
institutions that have mediated the boundaries of this national park for over 30 years.  
One of the studies from the locale is that done by Byers (2000) who carried out a 
repeat-photography investigation in and around HNP, visually comparing photographs 
taken from German geographers who had visited the region in the 1930s (Byers, 2000). 
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Byers compared those photographs with others he had taken in the 1990s. He visually 
interpreted the changes, and due to his extensive visits to the area, was able to infer some 
of the causes for landscape change. His study did not extend beyond visual analysis and 
did not incorporate local perspectives or quantification of the landscape transformations. 
However, Byers’ (2000) results served as an important starting point to inform and 
establish hypotheses for this research. For example, results from repeat photography 
demonstrated that there was an increase in forest cover within the park area (Byers, 
2000). Therefore, one hypothesis is that a land cover change of increased forest cover 
may be detectable in satellite image analysis. Another hypothesis guiding this research 
was that perceptions of landscape change from local people might provide temporal and 
socio-political dimensions of land cover transformations. 
Research of land-use and land-cover change (LULCC) in protected areas and the 
respective drivers are a component of the global environmental change research agenda 
(Lambin et al., 2001; Hansen and DeFries, 2005; Turner et al., 2007). Driving forces, or 
drivers, (e.g., processes and actions) lead people to make changes in the landscape and 
usually entail multiple causes with complex feedbacks (Kates et al., 1990; Wood and 
Handley, 2001; Lambin et al., 2003; Burgi et al., 2004). Socioeconomic, political, 
technological, natural, and cultural factors impact drivers of landscape change and 
transformations (Lambin et al., 2001; Walsh and Crews-Meyer, 2002; Burgi et al., 2004; 
IGBP, 2005). Anthropogenic processes, such as the intensification and parcelization of 
land use, globalization, industrialization, and technologization have spurred rapid 
changes in Earth’s biogeochemical cycles and hydrologic processes, contributing to 
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accelerated global climate change and rapid species decline (Vitousek et al., 1997; Young 
et al., 2006a).  
Prior assessments within and in the periphery of many conservation areas claim 
that biodiversity is either threatened or undergoing rapid landscape transformations as a 
result of human-induced drivers of change, particularly from changing land-use 
(Vitousek et al., 1997; Brandon et al., 1998; Sala et al., 2000; Bruner et al., 2001; 
Terborgh and van Schaik, 2002; Burgi et al., 2004). However, Oliveira et al. (2007) 
carried out a study covering 79% of the Peruvian Amazon using data obtained from 
change detection time-series of Landsat satellite land use/land cover data from the years 
of 1999 – 2005. The results reported that only 2% of disturbance and 1% of deforestation 
occurs within protected natural areas and indigenous areas (Oliveira et al., 2007). The 
authors state that allocating land-use, in the form of land titling to indigenous 
communities and creating protected areas, have provided protection from further forest 
damage. Rather, road access and networks exert the principle control on deforestation and 
disturbance patterns in this remote and non-densely populated region of Peru (Oliveira et 
al., 2007). While this research makes a convincing case for conservation areas and land 
titling as a potential route to staunch land cover change, the majority of the protected 
areas within the study area were formalized between the years of 2000-2004 and are 
situated in low population density, remote and difficult to access via tourism areas. 
Therefore, addressing the success of conservation areas within a spatial, temporal, and 
site context becomes essential. Many land-use and land-cover change (LULCC) studies 
that are conducted take place in tropical environments and examine patterns of 
deforestation and/or agricultural intensification and extensification (Liverman et al., 
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1998; Lambin et al., 2001; Turner et al., 2007). However, in this study land-use and land-
cover change pathways in a montane Andean national park are analyzed in the context of 
natural variables, institutions, livelihoods, and climate change. 
1.3 CHAPTER PROGRESSION 
The following study within and on the periphery of Huascaran National Park is a 
case study of land-cover and land-use change in the tropical Andes. The progression of 
this work in the following chapters is to provide the basis for how different branches of 
Geography may work together to provide an integrative study on new approaches for 
evaluating landscape change, people, and parks in the Andes of Peru. 
The presentation of this information involves starting from the premise that the 
physical site and situation of the study area is essential for understanding the context of 
social-ecological patterns and dynamics. Chapter 2 provides background on the physical 
environment, with a cursory introduction to the human occupation in the region. Chapter 
3 describes the combination of methodologies that were employed for the research. 
Qualitative and quantitative methods were undertaken to obtain narratives and 
perceptions of landscape change from local inhabitants. Methods describing the digital 
image processing are also contained within Chapter 3. Chapter 4 draws upon interviews 
and historical ancillary documents on how individuals, institutions, and the park have 
evolved over time. Original research is incorporated from interviews with individuals 
about the history of the region, archival documents, and primary accounts on how 
Huascaran became a national park. This chapter addresses how the people within the 
periphery of the national park experienced cycles of disturbances – social, political, and 
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geophysical. Chapter 5 focuses on the research that was performed to create the land-use 
and land-cover classifications and the subsequent results. The challenge of working in 
tropical mountain environments is well-documented (Rhoades, 1975; Sarmiento, 2003; 
Silverio and Jaquet, 2005; Nagendra et al., 2006) and may result in a number of 
complications for LULCC studies. Chapter 6 draws upon original research and puts 
together the land use that was occurring within different elevation gradients of the buffer 
zone and core of Huascaran National Park. Finally, Chapter 7 describes how multiple 
analytical frameworks can be used to address the human dimensions and perceptions of 
landscape change. 
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CHAPTER II 
Study Area 
The social-ecological environment of the Cordillera Blanca, Peru 
2.1 INTRODUCTION  
This study takes place in the Cordillera Blanca, a mountain range in the Peruvian 
Andes, in the Department of Ancash that is known for its topographic, archaeological, 
and geographical diversity (Figure 2.1). Ancash, with an area of 35,914 Km2, has a 
distinct physiography containing the highest section of the Andes in the country, with two 
parallel north-south trending mountain belts and deep river valleys that form the 
Continental Divide. The physical setting of the Department of Ancash spans a diverse 
ecological gradient given the southern tropical latitude at approximately ~9.00° S 
Latitude, ~78.00° W Longitude  and with a breadth of altitudinal variation from sea-level 
to 6,768 m at the highest point.  
The territory of Ancash is bordered by three different Departments: to the north is 
La Libertad, Huánuco to the east, and Lima to the south. The Pan-American Highway 
provides access to major cities along the coast, while access to the interior from the south 
mostly follows an interstate highway slightly above sea level. Entering and ascending the 
agricultural Fortaleza River Valley eastward, the road steeply climbs hairpin turns to 
arrive at the pass at Lake Conococha at 4,050 meters. The highway follows the Santa 
River, which drains the river systems of the Cordillera Blanca Mountain Range to the 
east and the Cordillera Negra to the west into the agro-pastoral and mining valley of the 
Callejón de Huaylas. The cities of Catac, Recuay, Huaraz, Carhuaz, Yungay, and Caraz 
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Figure 2.1: Map of study area. Image created using June 2001 ETM+ image (543) 
demonstrating boundaries of Huascaran National Park, major towns and 
villages, and main peaks. 
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are situated along the route, descending northward in elevation from 3,450 m at Recuay, 
to 3,080 m in Huaraz, to 2,350 m in Caraz. On the eastern flank of the Cordillera Blanca, 
the Pomabamba River and Marañon Rivers form the river valley known as the Callejón 
de Conchucos where the cities of San Marcos, Huari, and Pomabamba are located. 
Politically, Ancash is comprised of 20 provinces, with Santa Province being the most 
populous and where the largest city of Chimbote, a prime port and industrial center, is 
located. Ancash has an overall population of 314,245 with approximately 58% living in 
urban areas and 41% in rural villages (INEI, 2005). The departmental capital of Ancash is 
centrally located in Huaraz, which is also where the headquarters and tourism base for 
Huascaran National Park are located.  
Research took place in and around Huascaran National Park, Peru (HNP). HNP 
spans the coordinates of 8º 30’ – 10º 00’ S; 77º 10-77º 50’ W (Figure 2.1) incorporating 
10 different provinces in the Department of Ancash. The area of the park is 
approximately 340,000 ha with the park boundary trending 180 Km northwest-southeast, 
and ranging from 11 - 40 km wide. Livelihood strategies in and around the National Park 
are based upon subsistence and market-based agriculture, mining, and tourism. Migration 
outside of the area to Chimbote or Lima for seasonal jobs is very common. Opportunities 
in the service and tourism sector are increasing as tourism to the National Park continues 
to grow. The perimeter of the park encompasses most of the Cordillera Blanca, the most 
extensively glaciated and highest tropical mountain range in the world.  
There is, and continues to be, research conducted in Huascaran National Park 
focused on the geology, geomorphology, glaciology, and fluvial system of the area (e.g., 
Lliboutry, 1977c; Dewey and Lamb, 1992; Petford and Atherton, 1992; Rodbell, 1993; 
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Ames and Hastenrath, 1996; Byers, 2000; Kaser and Osmaston, 2002; Lamb and Davis, 
2003; Thompson et al., 2003; Carey, 2005a; Mark and Seltzer, 2005; Silverio and Jaquet, 
2005). This chapter will provide a comprehensive review of this research as a way to 
integrate existing discipline-specific knowledge into a broad study area context.  
Huascaran National Park (HNP) and vicinity were selected for this study because 
it presented an interesting case to examine patterns and process of landscape change in 
and around a mountain protected area. The tropical alpine environment provides 
challenging conditions for the study of landscape change with different gradients of 
ecological variation, elevation, and aspect (Sarmiento et al., 2004). The International 
Year of the Mountain (IYM) was declared in 2002 for the implementation of Chapter 13, 
Agenda 21 by The United Nations General Assembly as an impetus to proclaim the 
importance of mountains and as a way to promote mountain research (FAO, 2000; Huber 
et al., 2005). The IYM meeting was held in Huaraz, Peru at the foothills of Huascaran 
National Park. At the conclusion of this meeting, it became clear that increased studies 
into ecological and social issues in and around this mountain system were necessary.  
Reports of rapid land cover change around HNP as a result of biophysical and 
anthropogenic perturbations indicated that patterns of land cover change were 
confounded by global climate change (Byers, 2000; Thompson et al., 2003). Reports of 
glacial retreat in conjunction with anthropogenic modifications that were occurring inside 
the national park described an estimated high amount of landscape and social change 
within a short time frame. Therefore, questions regarding strategies for conservation 
within and around the national park also are central for understanding biophysical and 
anthropogenic landscape change.  
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2.2 BIOPHYSICAL CHARACTERISTICS  
Andean Geotectonics and Glaciation 
The Andes Mountains, the longest mountain chain in the world, extend from 5° N 
to 49° S Latitude along the western coast of South America. Evolving structurally and 
topographically from the subduction of the Nazca oceanic plate with the westward 
moving South American continental plate along what is currently a 500-1,000 km 
lithospheric convergent zone, the Andes continue to uplift (Clapperton, 1983; Allenby, 
1987; Norabuena, 1998). Millions of years of active tectonic, sedimentary, and/or 
magmatic processes created the linear Andean Cordillera, which is comprised of distinct 
parallel, near-parallel, and sometimes diverging orogenic belts (Clapperton, 1983; 
Allenby, 1987).  
The Andean mountain chain consists of one to three simplified distinct sections: 
the Eastern (Oriental), the Central, or Western (Occidental) Cordilleras (Clapperton, 
1983; Allenby, 1987; Dewey and Lamb, 1992). In the study area, the Eastern (Oriental) 
Cordillera of the Central Andes creates three ranges, the Cordillera Blanca, the Cordillera 
Huayhuash, and the Cordillera Central. Also in the study area, the Western (Occidental) 
Cordillera of the Andes forms the Cordillera Negra along the coastal margin (Jaillard and 
Soler, 1996). The formation of these belts and their underlying lithology is an important 
factor for understanding their present context as topographically complex, tectonically 
active, and mineralogically diverse. To determine the sequence of Andean orogenesis and 
displacement numerous geochronological studies continue to be conducted (Linares et al., 
1982; Dewey and Lamb, 1992; Petford and Atherton, 1992; Jaillard and Soler, 1996; 
McNulty, 2002).  
  20   
The Andean Orogeny had three main cycles of uplift beginning in the Paleozoic 
as evidenced by extensional tectonics, subsidence, and sedimentation (Dewey and Lamb, 
1992; Petford and Atherton, 1992; Jaillard and Soler, 1996). The third cycle from roughly 
145 Ma (million years ago) until 3.6 Ma was the time of greatest mountain uplift 
(Allenby, 1987; Dewey and Lamb, 1992). In the Albian to Campanian Age (112 – 71.3 
Ma) of the middle Cretaceous, a high convergence velocity between the Nazca plate and 
the South American continental plate caused extensional and contractional strain and an 
increase in volcanic activity along the coastal margin (Jaillard and Soler, 1996). 
Decreased subsidence rates combined with an eastward shift of the oceanic plate, created 
an active continental magmatic arc (Dewey and Lamb, 1992). During the late Cretaceous 
(~65 Ma), volcanics and plutonic tonalitic magma batholiths were emplaced into a 
sedimentary basin layer that had thick marine accumulations especially along normal 
fault zones (Petford and Atherton, 1992; Jaillard and Soler, 1996; McNulty, 2002). In 
Peru, this is when the over 400 Km long Coastal Batholith formed and initiated uplift 
along the coastal range (Atherton, 1990). From the late Paleocene until the late Eocene 
(~55 – 32 Ma) changes in convergence direction resulted in extensive folding and 
faulting with widening of the continental arc margin and internal basin deformation 
(Dewey and Lamb, 1992; Jaillard and Soler, 1996). Various changes in velocity and 
direction of convergence resulted in an oblique anticlockwise subduction thereby 
initiating increased stress on existing strike-slip faults and sinistral shear, having a great 
impact on plutonism (Glazner, 1991; Jaillard and Soler, 1996; McNulty et al., 1998).  
The most intense and recent Andean Orogenic event began in the Miocene (~11.2 
Ma) and continues at present with basins undergoing increased deformation, folding, and 
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plutonism. The Andean Orogeny was marked by distinct phases of extension and 
compression (Deverchere, 1989; Dewey and Lamb, 1992). Paleomagnetic and space-
based geodetic data provide evidence of increased rates of accelerated subduction and the 
movement of the Nazca Ridge with the South American Plate at a peak around 10 Ma 
(McNulty 1998; Rousse et al. 2003). Other research indicates that granitic batholiths 
caused deformation and uplift throughout the Andes, but most notably in the study area 
of the Cordillera Blanca (Petford and Atherton 1992).  
The Cordillera Blanca Batholith 
The Cordillera Blanca is approximately 200 Km long with an average width of 40 
Km running northeast-southwest trending between ~9° 10’ S, ~77° 35’ W. In addition to 
being the highest portion of the Andes in Peru, it has been considered the “most 
spectacular” extensional fault regime in all of the Andes and youngest exposed plutonic 
complex in the world (Deverchere, 1989; McNulty et al., 1998). The Cordillera Blanca is 
a Miocene age (8.2 Ma) granitic batholith intrusion that is part of an active detachment 
fault complex and situated inland from the older Peruvian Coastal Batholith (Petford and 
Atherton, 1992; McNulty, 2002). The uplift of the Cordillera Blanca batholith is 
considered one of the final magmatic events in central Peru (Petford and Atherton, 1992). 
The peaks of the Cordillera Blanca, over 200 that surpass 5,000 meters, are bounded on 
the west by the 300 km long extensional normal fault (Petford and Atherton, 1992; 
McNulty et al., 1998). A portion of the Cordillera Blanca batholith, roughly 80-90% is 
comprised of slow cooling felsic granodiorite, while the remaining 10-20% is composed 
of earlier intruded tonalite and diorite (McNulty, 2002).  
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The Cordillera Blanca Batholith is exposed by 4.4 km of vertical relief and bound 
on the west by the 15 km wide Callejón de Huaylas valley (Petford and Atherton, 1992; 
McNulty et al., 1998). According to McNulty and Farber (2002), their model for the 
Andes is that the aseismic ~17 km thick Nazca Ridge flat slab converged at a rate of 11 
cm/yr into the continental plate directly under the Cordillera Blanca. At the time of this 
convergence, arc-magmatism stopped and detachment faulting started. This brought the 
onset of batholith uplift, back-rotated fault blocks, and crustal extension. The Callejón de 
Huaylas is a Pliocene intercordilleran graben that probably underwent major tension and 
formation 9 – 7 Ma (McNulty et al., 1998). However, McNulty and Farber (2002) claim 
that the Callejón de Huaylas basin is deepening because of batholith uplift, rather than by 
periods of subsidence.  
In addition to the granitic batholith intrusion, long periods of compression, 
extension, deformation and foliation created a complex lithology throughout the study 
area resulting in marine, lacustrine, sedimentary, volcanic and conglomerate geologic 
formations and strata (Deverchere, 1989). The more common materials forming the 
substrate are shales, sandstones, and andesites. The mineral groups of silicates, oxides, 
and sulfides are found in areas of Peru and are very common within this region. Quartz, 
mica schists, hornblende, and amphiboles are among the minerals associated with the 
intrusion of the granodiorite Cordillera Blanca batholith (Jaillard and Soler, 1996). The 
tectonic and metamorphic process constructing the Andes produced numerous mineral 
deposits and creates a metallogenic province with concentrations of ores such as: zinc, 
copper, lead, iron, gold, silver, tungsten, and molybdenum.  
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Pleistocene Glaciation 
In the Cordillera Blanca, the combination of tectonic and structural forces with 
geomorphic processes results in the conspicuous mountain landforms found today. This 
area has experienced numerous glacial advances, ice caps, and retreats, which according 
to the dating of rock weathering on the oldest moraines is estimated to range from 29,000 
to 4.3 million years BP (Mercer and Palacios, 1977; Clapperton, 1983; Osborn et al., 
1995; Mark and Seltzer, 2005). Present glaciers in the area are mountain glaciers but 
during the Pleistocene and into the Holocene, there were a number of glacial events. The 
exact dating of when these glacial advances and retreats occurred in this region is 
confounded by different dating techniques and the dynamic nature of mountain 
environments (Clapperton, 1983; Rodbell, 1992, 1993; Kaser and Osmaston, 2002; 
Hansen et al., 2003; Smith et al., 2005). Glacigenic and periglacial processes continue to 
sculpt the landscape through mass wasting, transport, and deposition of materials.  
Quaternary glacial events in the tropical Andes, and specifically in the Cordillera 
Blanca, were extensively studied by early researchers, such as Broggi (1943), Clapperton 
(1972, 1981, 1983, 1990), and Mercer and Palacios (1977). The initial findings and 
chronologies have since been superseded by intensive studies by Rodbell (1992, 1993), 
Kaser and Osmaston (2002), Thompson (2000), Mark et al. (2004), and Smith et al. 
(2005). There are frequent inconsistencies about whether regional glacial advances were 
synchronous or asynchronous with global glacial events. In other regions of the Andes, 
various studies utilize multiproxy data, such as pollen analysis, foraminifera, isotopes, 
peat layer sedimentation and moraines to compare and contrast dates associated with 
glacials and interglacials (Osborn et al., 1995; Abbott et al., 2003; Hansen et al., 2003; 
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Paduano et al., 2003). Others, particularly the ones mentioned above, draw upon the 
placement of moraines, stratigraphy, radiocarbon dating of organic material, and 
lichenometry and dendrochronology, for dating and creating a chronosequence of 
deposits. Whereas other studies such as Thompson et al. (1985) examine the proxy data 
derived from δ18O isotope found in ice cores to identify pivotal dates and responses of the 
world’s mountain glaciers to anthropogenic and global climate fluctuations.  
Research conducted in the Cordillera Blanca provides evidence for glacials and 
interglacial stades in the central Andes (e.g., Electroperu, 1962; Clapperton, 1972; 
Lliboutry et al., 1977; Clapperton, 1983; Kaser et al., 1990; Rodbell, 1992; Ames and 
Hastenrath, 1996). Maximum extents of localized moraines in the Cordillera Blanca date 
to approximately 59,000 yr BP (Rodbell, 1993; Smith et al., 2005). According to proxy 
data of pollen records from distant Lake Titicaca, a climatic warming took place from 
21,000 to 13,000 yr BP causing glaciers to retreat (Paduano et al., 2003). The warming 
during this period coincides with a change in sedimentation and the last glacial maximum 
in the Cordillera Blanca around 14,000 yr BP (Mark and Seltzer, 2005). Thompson et al. 
(2003, 1998) report that Huascaran ice cores contain increased mineral dust and 
decreased nitrate indicating that the last glacial stage conditions (21,000 – 18,000 yr BP) 
were cold and dry, while Holocene conditions were comparatively warm and wet. 
Regional syntheses have determined dates for the late glacial stage to be between 14,000 
– 12,000 yr BP as indicated by the dating of organically rich sediments found in the 
stratigraphy of moraines in the Cordillera Blanca (Rodbell, 1992, 1993; Mark et al., 
2004; Smith et al., 2005). Around 12,000 yr BP glacial moraine evidence depicts that 
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there was rapid deglaciation in the vicinity of the Cordillera Blanca (Rodbell, 1992, 1993; 
Mark et al., 2004; Smith et al., 2005).  
Holocene Glaciation 
A Holocene glacial chronology for the Cordillera Blanca was initially attempted 
by Rothlisberger (1987) with limited dating of moraine buried wood and soils. Rodbell 
(1992) superseded earlier research with findings of more complete radiocarbon and 
lichenometric data compiled from numerous moraines located between 4,200 – 4,650 m. 
His research, based upon the size and growth rate of Rhizocarpon thalli found on moraine 
rocks, indicated that moraines advanced at various stages of the early Holocene.  
Dates for glacial advances in the Cordillera Blanca include from 10,600 to 10,000 
yr BP, 2,700 – 2,000 yr BP and at 1,300 yr BP(Clapperton, 1983; Osborn et al., 1995). 
This was then followed by a glacier surge in the 14th century that killed trees, burying 
them under soil, and advancing glaciers over 200 meters, roughly preceding the European 
Little Ice Age (LIA) (1700-1900s) (Rodbell, 1992; Smith et al., 2005). Rodbell (1992) 
documents evidence from a few of the moraines in the Cordillera Blanca area that are 
from LIA advances.  
Kaser and Osmaston (2002) provide a very detailed account of changes in glacial 
extent in areas of the Cordillera Blanca. However, the research concentrates on modern 
fluctuations of the 20th century. Since the 1930s, there has been a dominant period of 
retreat of mountain glaciers in the Cordillera Blanca, with occasional surges recorded 
during 1974, 1979, and 1985 for glacial tongues that were being studied. Kaser and 
Osmaston (2002) devote a section of their book Tropical Glaciers (Chapter 7, pages 117-
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129) to the glaciological and anecdotal research conducted by numerous explorers and 
scientific researchers that traversed the region of the Cordillera Blanca recording data 
about the glaciers and the landscape since the expedition of Pizarro in 1533, to travels of 
Antonio Raimondii in the 1860s, up to the most recent glaciological studies by modern 
scientists (e.g., Lliboutry, 1977a, 1977b; HIDRANDINA, 1988; Hastenrath, 1995; Ames 
and Hastenrath, 1996; Kaser and Georges, 1997; Thompson, 2000). Historical records 
and surveying were conducted by the German and Austrian Alpine Club from 1932. The 
Club was particularly interested in applying photogrammetric techniques to map 
mountain regions all over the world (Brunner and Welsch, 2002). This research resulted 
in numerous valuable scientific publications and images from the team leader Hans 
Kinzl, who later returned for more trips and data (1936, 1939, 1940, and 1954). Kaser 
and Osmaston (2002) compile evidence based upon aerial photographs, earlier reports, 
measurements of glacial tongues, and ongoing glacial studies of glacial retreat since the 
LIA in the Cordillera Blanca. Their findings conclude that in the Cordillera Blanca the 
glaciers have mostly retreated since the end of the LIA despite occasional and short-lived 
surges in the late mid-1970s and 1980s.  
Glacial Mapping and Hazards 
In 1948, the Geographic Military Institute and National Aerial-photography 
Service flew flight lines over the Cordillera Blanca to acquire imagery for the 
Commission of Control of Lakes of the Cordillera Blanca and conduct aerial surveys of 
glacial lakes and glacial lobes. The government started the investigation after the 
devastating impacts of a burst glacial lake and resulting landslide that destroyed the city 
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of Ranrahirca in 1940. The Glaciology and Lake Security Department of the Cordillera 
Blanca was established following these devastating natural hazards and the glacial lake 
destabilization. By the mid-1950s, the Corporation Peruana del Santa also was interested 
in utilizing the hydroelectric potential of the Santa River to provide energy to the growing 
industries and populations along the coast, especially in the city of Chimbote 
(Electroperu, 1962). As part of the estimation for hydroelectric potential, a series of 
temperature and runoff gauges were established predominantly within the Santa River 
Basin. Electroperu S.A., a state run electric power company, was in charge of monitoring 
and maintaining the weather stations from the early 1960s until the mid-1990s (Zapata, 
personal communication, 2003). 
 A national inventory on the coverage of glaciers in Peru was initiated by a group 
of dedicated Peruvian engineers in 1978. Administratively they were originally housed in 
the Institute of Geology, Mining, and Metallurgy (INGEMMET) under the directorship 
of Engineer S. Boggio. However, the inventory was mostly directed by Engineer 
Benjamin Morales Arnao, and later performed in the Glaciology Department, of what 
eventually became Electroperu S.A. or Hidrandina S.A. (Ames et al., 1989). The roots of 
the inventory started in 1966 when there was a keen interest in mapping and studying the 
security and hydroelectric potential of the Santa River Basin by The Peruvian 
Corporation of the Santa Basin. Many of the glacial lakes that appeared to be unstable 
and potentially hazardous later had dams put into the moraine to secure them (Figure 
2.2). Another motive for taking an inventory and quantifying the global coverage of 
territory by freshwater glaciers in 1977 was fueled by the declaration of the years of 1965 
to 1974 as the International Hydrologic Decade, by the International Geophysical Union, 
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the International Commission on Snow and Ice, UNESCO, and other institutions 
(Morales, personal communication, 2002). The Department of Geography of the Swiss 
Federal Institute of Technology in Zurich, Switzerland established the protocol and 
assisted the Peruvian engineers in training and analysis. The engineering team for the 
Cordillera Blanca was led by Engineer Cesar Portocarrero and Alcides Ames. These two 
individuals continue to play a pivotal role in studying, documenting and consulting for 
research agendas in the Cordillera Blanca.   
Disturbance factors, from earthquakes, landslides, and debris flows, are an 
important driver of rapid landscape change in and around HNP. Prior to damming and 
securing over 35 glacial lakes, the damage and lives lost from natural debris flows were 
very high (Electroperu, 1962; Lliboutry, 1977c; Lliboutry et al., 1977). Bode (1989) 
documented her personal accounts and interviews with people following the devastation 
and reconstruction of the 7.7 Richter-Scale earthquake that dislodged a massive aluvión, 
of mud, rock, ice, and water to plummet down Mt. Huascaran, resulting in the deaths of 
over 45,000 people. Carey (2005) provides important historical documentation on how 
people at local, regional, and national political scales responded to the glacial hazards and 
natural disasters that occurred within the periphery of the Cordillera Blanca. The 
relevance of this research and the institutional and landscape responses will be elaborated 
upon further in Chapter 4 and Chapter 5.  
In the highest reaches of the Cordillera Blanca, the cover from glaciers and glacial 
lobes extends from the highest peak of Mt. Huascaran at 6768 m to an approximate 
elevation of 5500 m. The lowest elevation of glacial extent is variable according to the 
latitude along the range and determined by the eastern or western position along the 
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range. Below the glaciated and snow covered fields, from approximately 5000 m and up, 
is the subnival zone where there are zones of abundant scree, rocky, talus slopes, and 
cryoturbation. Ames et al. (1989) recorded that within the Cordillera Blanca there were 
722 glaciers with the majority being mountain glaciers that covered 723.37 Km2 with a 
mean thickness of 31.25 meters. Research indicates that southwest aspect glaciers are 
more extensive and numerous in the Cordillera Blanca owing to the elevation gradient of 
the range and due to the accumulation zone being in areas of shadow during the rainy 
season (Mark and Seltzer, 2005Vuille, 2007 #1472).  
Examining the conspicuous glacial landforms, such as weathering posts, roches 
moutonnees, and moraines informs past and current edaphic conditions, drainage 
patterns, and vegetation communities. Piecing together the evidence from various studies 
that were conducted in the Cordillera Blanca, there are a few general conclusions that can 
be formulated about the reconstruction of Quaternary Andean glaciations. Local factors, 
such as topography, insolation, precipitation and latitudinal extent play an important role 
in determining the location of the last glacial maximum (LGM) snowline and individual 
mountain glacier dynamics (Kaser and Osmaston, 2002; Vuille et al., 2007). Glaciation 
events provide details about local climatic variation and when linked with broader 
patterns, can provide evidence about global climatic events. Glacial surges and retreats 
are indicative of climatic events, whether due to local dynamics or because of global 
climate forcing that can be linked to broader patterns of glacial change.  
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Figure 2.2: Lake Palcacocha dam construction in 1974 in Cojup Valley at 4,566 msl. 
(top) The process involved channeling off the lake, opening the moraine, 
and building the 33 m wide by 8 m high artificial dam.(bottom) Palcacocha 
dam in 2003. Photos provided by N. Santillan, INGENMET-UGRH, 
Huaraz, Peru.  
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Climate 
The Intertropical Convergence Zone and El Niño-Southern Oscillation 
A climatic regime is characterized by diurnal and seasonal fluxes of both energy 
and moisture, which vary greatly and are influenced by latitudinal position, elevation, 
aspect, and surface texture, especially on a landscape scale. Variations in past climates, 
times of glacials and interglacials, can be evaluated from proxy data from dust layers in 
ice cores, isotopic data, pollen records, and glacial advances and retreats. In Huascaran 
National Park, glaciers serve as important indicators of changing climate trends and 
measured changes in glacial mass balance reflect the annual variation in temperature, 
precipitation, and solar radiation (Clapperton, 1983; Pouyaud et al., 1997; Meier, 2003; 
Thompson et al., 2003; Mark and Seltzer, 2005).  
Climate is affected by the South American continental position and global 
circulation patterns, while the extreme elevation gradients, proximity to the Pacific 
Ocean, and extensive adjacent landmass contribute to regional and local climate 
variation. Given the latitudinal position of the high elevation peaks of the Cordillera 
Blanca, these tropical mountains receive a high degree of incoming solar radiation and 
affect the global circulation winds aloft (Vuille et al., 2007).  
The region is influenced by the seasonally oscillating Intertropical Convergence 
Zone (ITCZ) creating very distinct wet and dry seasons. In the Austral winter months of 
April through September, the ITCZ is positioned in the northern hemisphere fluctuating 
between 8˚ - 15˚ N although it is often at higher latitudes over South Asia causing a 
summer monsoon season. During this period, when the ITCZ is far to the north, the 
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interior Andean mountain areas experience a dry season with strong prevailing easterlies. 
This results in inland areas having clear, sunny days with very cold nights. The return of 
the ITCZ southward in early October through March, in conjunction with solar radiation, 
causes precipitation, increased humidity, and a pronounced rainy season to the Cordillera 
Blanca. The pronounced rainy season of October through March usually has conditions 
of cloudy mornings with afternoon thunderstorms. Precipitation at night and in upper 
elevations often consists of snow, hail, sleet, and strong cold winds. Snow and sleet in 
mid to lower elevations often melts in the daytime, as the sun and general temperatures 
increase over land.  
Moist humid air accumulates over the Amazon basin to the east and eventually 
moves westward toward the Cordillera Blanca. Kaser and Osmaston (2002), based upon 
reporting from Kinzl (1942) and Johnson (1976), surmise that the lower elevation of 
glacier tongues and the presence of dense vegetation on eastern slopes indicate greater 
precipitation on the eastern rather than the western slopes. However, this has not been 
validly tested, as there are no permanent climate or precipitation stations located on the 
eastern slopes. The parallel range of the Cordillera Negra to the west resides in the 
rainshadow of the Cordillera Blanca. The interplay of tropical Pacific waters, circulation 
of the ITCZ, and the moisture regime from the Amazon in conjunction with the elevation 
gradients contributes to microclimates and annual variations to this climatic system.  
Broad-scale circulation patterns, such as from ENSO (El Niño-Southern 
Oscillation) events, contribute to interannual climate variability which results in changes 
in precipitation and temperature in the Bolivian, Peruvian, and Ecuadorian Andes. Pacific 
sea surface temperature (SST) anomalies and ENSO tropical teleconnection patterns have 
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an effect on temperature and precipitation. ENSO events over the past century were 
compiled by existing climate data, including indices compiled from Sea Surface 
Temperature anomalies (SSTs) and are found to occur on a 7 – 10 year cycle (Trenberth, 
1997; Trenberth and Stepaniak, 2002). When data for the monthly mean SST anomalies 
exceed 0.5° C for the period of 1950 -2006 for the Nino 3 Region (90° W – 150° W Lon, 
5°N-5°S Lat) the largest El Niño cycles have occurred (Trenberth, 1997) (Figure 2.3). In 
studies conducted in other regions of the Andes, particularly in Bolivia and Ecuador, El 
Niño events have brought higher temperatures and reduced precipitation (Garreaud et al., 
2003; Francou et al., 2004). During the opposite cycle, La Niña, it is colder and more wet 
conditions are common. However, each cycle of ENSO is unique with regards to spatial 
patterns and variability throughout the Andes (Garreaud and Aceituno, 2001; Vuille et 
al., 2007). In the Cordillera Blanca, Vuille et al. (2007) recently investigated the effects 
that ENSO and SST anomalies have upon glacier mass balance in the Cordillera Blanca. 
Their findings indicate that upper-tropospheric circulation flows are disrupted and 
facilitate westerly and easterly wind anomalies during an El Niño and La Niña, 
respectively (Vuille et al., 2007). Although there are signs of reduced moisture or dry 
conditions during an El Niño year and conversely, wet conditions during a La Niña in the 
Cordillera Blanca, the overall effects of ENSO and SST are not as clearly defined as they 
are in the Bolivian Altiplano and the Ecuadorian Andes (Vuille et al., 2007). 
Temperature and Precipitation 
Broad air circulation patterns due to latitude and elevation affect the annual 
temperature and precipitation gradients in the Cordillera Blanca. However, local  
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Figure 2.3: Annual cycles of El Niño as represented by monthly mean Sea Surface 
Temperature Anomalies in Degrees C for the years between 1950 -2006. 
Data downloaded from Climate Diagnostics Center, NOAA, USA, 
December 2006 (www.cdc.noaa.gov/Pressure/Timeseries/Data/). 
 
temperature variations for the periphery of the Cordillera Blanca are controlled by 
elevation gradients, site location and create microclimates. Variations in radiant and 
latent heat flux, humidity, insolation, and the role of convective activity in valleys are 
each factors that contribute to the microclimates that exist throughout the Cordillera 
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Blanca. Annual average monthly temperature variations are on average 5.8° C; however, 
diurnal temperature variation may be dramatic due to elevation and seasonality.  
Temperature and precipitation were recorded at various climate stations since the 
early 1950s on predominantly the western slopes of the Cordillera Blanca. As indicated in 
Figure 2.4, the monthly mean temperature stays between 15° - 20° C during the day at 
approximately 2760 m elevation. Anomalous years include the El Niño year of 1987 
which resulted in higher than average temperatures. These stations are vital for climate 
predictions for this region. Unfortunately, the data sets for these stations are less than 
complete with gaps in both dates and sites owing to institutional and political changes 
throughout the time of data collection. Gaps are most heavily noted in the data for the 
period of the late 1980s to the mid 1990s, and are demonstrated in Figure 2.4 where 
climate for the months of August, September, and December of 1987 and many months 
into the 1990s are absent. This occurred mostly when administrative and economic 
changes affected institutions in charge of natural resources. The gaps in data are also 
indicative of an overall lack of maintenance of the weather stations and institutional 
inefficacy that was pervasive during different Peruvian political administrations.  
There are also data gaps for the precipitation and hydrologic data, which are 
collected at more stations along the Santa River Basin than the weather station sites. 
There are at least 18 stations along the western slope of the Cordillera Blanca, recording 
stream flow and hydrometric recordings. The data in Figure 2.5 were provided by 
ELECTROPERU and EGENOR, the two institutions in charge of monitoring stream 
runoff for primarily hydroelectric purposes. 
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Average Monthly Temperature (Degrees Celsius) 
between the years of 1973 - 1996 
 Anta, Peru weather station (elev. 2760 m)  
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Figure 2.4: Monthly mean temperature in degrees Celsius compiled from Anta (Huaraz) 
climate station for select years between 1975 – 1995. Unsampled year data 
are a result of null data for various weather stations. Temperature data from 
SENAMHI, 2001.  
 
 
 
 
 
 
 
 
Figure 2.5: Monthly mean precipitation data averaged from 18 different weather stations 
located in and around the Cordillera Blanca, Peru between the years of 
1965-1975. Data from SENAMHI, 2001. Data from subsequent years were 
not used because of gaps in the annual datasets. 
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There are gaps in collection dates and spurious data recordings as different 
government administrations or private corporations were fraught with financial 
challenges or intentionally reduced staff for maintaining and recording data. Throughout 
administrative changes, the infrastructure and engineering team eventually became a 
division of INRENA, the Unit of Glaciology and Water Resources (Unidad de 
Glaciologia y Recursos Hidricos - UGRH). The Glaciology unit is currently in charge of 
collecting and recording stream, precipitation, and weather data from many sites on the 
western side of the Cordillera Blanca. New sites are being established along the eastern 
perimeter as transnational research institutions are beginning to play a more substantial 
role in the funding and administration of issues associated with hydrologic resources.  
Precipitation and hydrologic data are dependent upon the elevation and location 
of the stations. The annual mean precipitation is 770 mm y-1 in the northern reaches of 
the Cordillera Blanca and 470 mm y-1 in the south (Vuille et al., 2007). The majority of 
precipitation is deposited during the rainy season from mid-October to the beginning of 
April. As noted in Figure 2.5, the averages were compiled from different precipitation 
stations that are located in and around the Cordillera Blanca. The longest data station in 
operation, since 1948, is located in Paron at 4,100 meters. However, the averages are 
variable as orographic effects and local situation are a major factor for both rainfall and 
temperature.  
Vuille and Bradley (2000) in climate models using over 277 stations for all of the 
Andes Chain, found that temperatures increased between 1939 and 1998 by at least 0.10-
0.11° C decade-1, while over the last 25 years temperatures show a warming rate of 0.32 – 
0.34° C decade-1. When examining different elevation zones of the Andes, including 
  38   
datasets from weather stations surrounding the Cordillera Blanca, the authors found that 
higher elevations have undergone a warming of 0.05 – 0.20° C decade-1 (Vuille et al., 
2003).  
Variations in precipitation and temperature are as sporadic as isolated storms in  
upper elevations to microclimate systems in hanging valleys. Therefore, it is important to 
note the differences in location and elevation of the existing network of climate stations. 
Figure 2.6 demonstrates this by displaying data for five different weather stations over a 
period of one year using one of the few complete annual datasets from 1995. Many of the 
stations are recently being upgraded and soon will provide more accurate temperature, 
precipitation, and runoff data for future research. These data are sometimes supplemented 
with short-term in situ stations and climate data from other sites in Peru to provide a basis 
for the majority of research on local and large-scale climate patterns, global climate 
change, hydrologic assessments, and glacial mass balance in the Cordillera Blanca 
(Thompson, 2000; Kaser et al., 2001; Thompson, 2003; Mark and Seltzer, 2005; Vuille et 
al., 2007) 
Weather patterns such as temperature, insolation, and precipitation affect the 
distribution of vegetation and also human settlement patterns. In mountain environments, 
other variables that are important include aspect, slope position, and diurnal wind 
patterns. Daily wind cycles cause strong convective winds to move through mountain 
environments each day and these winds in higher elevations contribute to less relative 
humidity and have an impact on the radiant and latent heat budget (Mark and Seltzer, 
2005; Vuille et al., 2007). The daily and seasonal cycles, in addition to microclimates, are 
critical to vegetation patterns in and around Huascaran National Park. 
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1995 Average Daily Precipitation (mm) per month from five different weather stations
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Figure 2.6: Monthly average precipitation for 1995 for weather stations along the western 
slopes of the Cordillera Blanca. Data from UGRH, Glaciology and 
SENAMHI, 2001.  
Vegetation Zonation 
Andean Research 
Initial recognition of Peruvian biogeography and geoecology was provided by 
European naturalists, missionaries, and explorers. Extensive writings and collections 
from Alexander von Humboldt and Bonpland’s travels in Middle and South America in 
the mid-1800s set the stage for other naturalists, such as Italian-born Antonio Raimondi 
(1826-1890) to emigrate to Peru and travel for decades amassing botanical collections 
and detailed travel journals. The botanical collections, documentation, and scientific 
mentorship provided by another European, August Weberbauer, during his time spent in 
Average monthly precipitation fro  weather stations around 
HNP 
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Peru between the years of 1901-1942, continues to shape research and conservation 
directions (Leon, 2002). Researchers and Geographers, such as von Humboldt and 
Bonpland were the first to comment on altitudinal zonation in the Andes and the manner 
in which vegetation and elevation are correlated. Geographer Carl Troll further developed 
these ideas with seminal work on ecozonation and plant physiology of the tropical Andes 
based on extensive fieldwork throughout the Andean Cordillera (Troll, 1968).   
The renowned Peruvian geographer Javier Pulgar Vidal and American 
Geographer Joseph Tosi were influential in setting out maps and zonations of Peru for 
improved ecological and natural resource management. Pulgar Vidal’s work identified 
eight regions in Peru that coincided with the “indigenous geographical understanding” of 
landscapes that inhabitants had for the Peruvian environment. Incorporation of traditional 
local toponyms and perceptions of landscape determined that a larger number of types 
were identified by local people than what had previously been identified (Pulgar, 1987). 
The subsequent division of Peru into 8 natural regions resulted in the following 
categories mostly demarcated by elevation zones: Costa/Chala (0 - 500 m), Yunga (500 
m – 2,300 m), Quechua (2,300 m – 3,500 m), Suni/Jalca (3,500 – 4000 m), Puna (4,000 
m – 4,800 m), Janca/Cordillera (4,800 m – 6,768 m), and then onto the eastern slopes of 
the Andes Rupa Rupa/Selva Alta (1,000 m- 400 m), and Omagua/Selva Baja (400 m-80 
m) (Pulgar, 1987).  
Joseph Tosi created an ecological map and descriptive book on Peru’s ecological 
formations based mostly on Holdridge’s 1967 climate and life zones (Tosi, 1960). Tosi 
termed the classification “Natural Life Zones,” rather than Holdridge’s “Vegetation 
Formation” because of the extensive modification of land cover that is found throughout 
  41   
Peru. He synthesized climate, elevation, evapotranspiration, humidity provinces, 
latitudinal region, soils, and land use based upon fieldwork and Weberbauer’s field notes 
and collections to identify the bioclimatic units of plant communities within Peru. Tosi’s 
ecological zonation used a format that was specific enough to Peru yet also was 
communicative in other regions as a classification scheme for a wide range of users. He 
followed the Holdridge Life Zone Classification Scheme. Therefore, information for Peru 
could be compared to a number of other tropical regions that used the similar 
classification scheme, such as in Costa Rica, Panama, and El Salvador. The standardized 
classification format allows studies to be undertaken on broader scales, however, it also 
tends to simplify the complexity that can be found on landscape scale research. 
Classification maps of Tosi were eventually replaced by the official Ecological Map of 
Peru, created by the National Office of Natural Resource Evaluation (ONERN, 1976). 
The ONERN map is the current national ecological map, which is based on the Holdridge 
life zone system, using rainfall, temperature, and evapotranspiration effects on vegetation 
to classify the entire country.  
Vegetation Ecology of Huascaran National Park 
The environment of HNP has provided an important locale for many individuals 
that are drawn to explore and document the flora and fauna of the vast highland region. 
For example, plant communities interior to the park were well researched and 
documented by the extensive fieldwork and important contribution of D.N. Smith (1988). 
His findings revealed that the flora comprised 104 families, 339 genera, and 799 species 
of principally gymnosperms, pteridophytes, and flowering plants (Smith, 1988). Research 
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and investigation of vegetation communities were and continue to be conducted in the 
zone within and beyond the periphery of the national park by Peruvian investigators such 
as Emma Cerrate de Ferreyra (1979), Martin Salvador (2002), Oscar Tovar and Luis 
Oscanoa (2002), and Asuncion Cano et al. (2005). The work done by these researchers is 
not only important for botanical collections, but also as important documentation of a 
landscape that is undergoing landscape change.  
Soils are formed from the combined factors of climate, organic material, relief, 
parent material, and topography. In tropical alpine areas, gravity, erosion, and cryogenic 
processes are critical factors for soil development (Korner, 1999). However, with the 
proper conditions, such as microsites under or within boulders, protected from harsh 
desiccating winds, intense solar radiation, certain species are able to secure a hold and 
thrive given the moisture and nutrient availability at these higher elevations (Peréz, 
1987a, 1987b). Given the physical conditions at higher elevations, cryogenic diurnal 
processes, steep slopes and minimal soil development, the constraints on flora production 
are relatively high. The factors listed above also inhibit the development of microbial 
activity and result in microorganisms as a limiting factor for vegetation in alpine soils 
(Korner, 1999). 
 However, plant species have developed specific adaptations to withstand and 
thrive in the limiting environment. Many of the plants in the tropical Andean alpine 
region have developed specific adaptations in order to survive. An adaptation noted by 
Winterhalder and Thomas (1978) and Körner (1999) is that many species have thicker 
roots to maintain their hold while the substrate shifts from cryoturbation, disturbance 
from avalanches, and other factors. While not specific to the Cordillera Blanca, the 
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evolutionary adaptations of plants that exist in mountain regions are equipped for a 
certain set of disturbances.  
The stratification by elevation provides one manner in which to organize and 
group descriptions of the vegetative cover. These can be classified as Subnival, Puna 
Grassland, Andean Lithophytic Zone, Lower Montane Scrub, Tropical Humid Riparian 
Forest Zone, and the Tropical Dry Forest, (Tosi, 1960; Cerrate de Ferreyra, 1979; Tovar 
and Oscanoa, 2002; Cano et al., 2005). Two classes that are not dependent upon elevation 
are Andean wetlands and the Agro-ecological zone. 
Smith (1988) identified the principal vegetation types found within Huascaran 
National Park: dwarf woods, shrublands, grasslands, aquatic, and semi-aquatic 
communities, and high Andean vegetation. These broad categories were classified 
according to the community structure and association of the vegetation types. Cerrate 
(1979) categorized the vegetation of the community of Chiquian, approximately 110 km 
from the city of Huaraz in Ancash, according to bioclimatic factors and ecological 
zonation. Cano et al. (2005), while creating a floristic guide for the district of San 
Marcos, Province of Huari, Ancash, Peru, followed a similar categorization by elevation 
and moisture resulting in types of plant communities represented in four principal 
vegetation types. Specifics about the vegetation zonation and classification will be 
covered in Chapter 5 when discussing land use and land cover change in Huascaran 
National Park and periphery.  
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Fauna of the Cordillera Blanca  
The mammal species that are present in the park include documented sightings of 
the Andean huemul deer or taruga (Hippocamelus antisensis), and the Andean condor 
(Vultur gryphus). The park office reports that at one time there were accounts of the 
Andean Bear (Oso Andino, Tremarctos ornatus) and the Vicuña (Vicugna vicugna) that 
were recorded from different sectors of the park. However, sightings or counts of these 
species are in doubt and require further study and assessment to validate their presence in 
the park. Although, the aforementioned are all species that are considered under 
protection and conservation priorities within the goals of Huascaran National Park and 
the Peruvian conservation agenda (INRENA, 2003). The presence of wildlife within 
Huascaran National Park features into both toponyms and stories by local people and 
National Park officials. Although, descriptions and comments on sightings of Condors 
and viscachas are more frequent than detailed accounts of the Andean Bear or the 
Andean Huemal Deer. Studies carried out at the species level could be important to many 
other invertebrate and amphibian species that reside within the park boundaries and along 
the periphery. 
There are numerous high Andean lakes and wetlands. Research on fish in Andean 
lakes revealed that very few fish species were present apart from introduced trout. A 
study of amphibians in the park would be an important investigation to understand 
changes in more mesic and lake environments. Investigations into the limnological 
association with habitats and society could determine the vitality of the aquatic systems 
of Huascaran National Park. Lake Conococha is one such lake, which is an important 
nesting and breeding ground for high Andean avian species. At the time of research, bird 
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populations and the water levels were checked every three months by a team of Peruvian 
researchers. This author had the opportunity to attend and participate in the survey on 
October 5th, 2002, which yielded over 4,000 birds in total, but resulted in a 
comparatively low species count. During this survey period, only 25 species were 
documented. The most common species included the Andean Goose or Huachua 
(Chaloephaga meldnoptera), Puna Ibis or yanavicos (Plegadis ridgwayii), the Silvery 
Grebe (Podiceps occiptelus), Puna Snipe or becasina de la puna (Gallinago andina) the 
Giant Coot (Fulica ardesica), and the Andean Lapwing (Vanellus resplendens). 
2.3 SOCIAL-ECOLOGICAL SYSTEM IN AND AROUND HUASCARAN NATIONAL PARK 
Pre-Columbian Societies 
Biophysical and human disturbance regimes have modified and contributed to the 
landscape in and around Huascaran National Park today. Troll and others (e.g., Sauer, 
1950; Ellenberg, 1979; Guillet, 1981; Seibert, 1983; Pulgar, 1987; Knapp, 1991; Young 
et al., 2002) have documented the role that humans have on the past and present 
vegetation communities of the tropical Andes. The social-ecological systems in and 
around Huascaran National Park have modified the Andean landscape for over 6,000 
years (Burger, 1995). The feedbacks between man and land have contributed to the 
development of valuable Andean cultural systems (Murra, 1972; Salomon, 1985; Burger, 
1995; Lau, 2002a). The vitality of pre-Conquest and pre-Incan societies is noteworthy 
throughout the South American Andes and demonstrated by the high concentration of 
archaeological sites in Peru. In fact, within and around this research area of Huascaran 
National Park, there are debates arising about the timing and chronology of the numerous 
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cultures that developed, thrived and resided in this region of the Andes (Burger, 1995; 
Lau, 2002b; Lau, 2006).  
The oldest known site in the area is Guitarrero Cave which housed nomadic and 
traveling individuals as early as 10,500 years ago (Lynch, 1980). Lending insight into the 
people of the time, the cultural items found in the cave were baskets, stone projectiles and 
points, and rubbish piles from hunting (Lynch, 1980). The findings may have been from a 
more recent period but demonstrate that tubers, beans, Andean fruits, bones of camelids 
and other animals were all part of the early Andean person’s lifeway (Lynch, 1980).  
Chavín de Huántar  
Chavín de Huántar has long been considered one of the “first” and ceremonially 
important Andean civilizations that dates to the Late Initial Period (approximately 3,805 
– 2,805 ybp) and Early Horizon (approximately 2,805 –  2,205 ybp) (Isbell, 1978; 
Burger, 1995; Lau, 2002b). Tello (1943) described discoveries of archaeological 
evidence along the coast and in the Northern Peruvian Highlands that would eventually, 
according to him, link to the distinct Chavín Culture. The main monument of Chavín de 
Huántar, located at 3,150 m elevation along the Mosna River in the Department of 
Ancash on the eastern border of the Cordillera Blanca, was buried underneath alluvial 
deposits or other structures (Tello, 1943). This site, as defined by Tello, revealed a very 
prominent and distinct culture that propagated to a very wide and dispersed area to the 
south and to the coast of Peru. Burger documents years of archaeological research, 
evidence, and diachronic events that support the influential role of the Chavín Horizon 
(Burger, 1995). Research on the excavated architecture, lighting, material objects and 
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iconography, and sound engineering that went into developing Chavín indicate that the 
site was being designed to invoke power and authority (Rick, 2004). Burger (1995) and 
Rick (2005) provide excellent accounts and synthesis of Chavín civilization, the 
development of residential architecture, and the role of authority and power in developing 
society.  
The inhabitants that occupied Chavín de Huántar were involved in a number of 
direct activities for the construction, ceremonial rites, stone cuttings, and metallurgy. This 
is reflected in the artifacts of very detailed artistic sculptures and glyphs, gold filaments, 
pottery sherds, and ceremonial artwork that were, and continue to be, excavated at and 
around the site (Rick, 2004; Lau, 2006). In order to support the society, surrounding 
populations were predominantly agriculturalists, hunters, and possibly had camelids, 
particularly llamas and alpacas (Burger, 1995). Isotopic research analysis done on human 
bone fragments revealed that diets were comprised of mostly tubers and very little (18%) 
from maize (Burger, 1995). Therefore, the production of Andean tubers and agricultural 
development was probably made possible through the facilitation of irrigation networks 
in the highlands. In addition, the highland puna system provided ample grounds for large 
herds of camelids.  
Important in the development of the region was the situation of Chavín de 
Huántar at a strategically important access point mid-way between the tropical lowlands 
(selva) and the Coast. This facilitated exchange networks to the agricultural valleys of the 
Callejon de Conchucos and to different productive elevation zones. Evidence of trade 
goods or ceremonial items from the selva, obsidian from south-central Peru, and 
Strombus and Spondylus princeps shells native to Ecuador are also found in the highland 
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Chavín sites (Burger, 1995; Lau, 2002a; Rick, 2004; Vaughn, 2006). Burger (1995) noted 
that the rise in inter- and pan-regional economic exchange increased during the period of 
the Chavín horizon and that much of this may have been because of the spread of a 
religious cult. Research by Rick (2005) indicates that the use of sound and lighting 
effects, iconography, and engineering design were a conscious effort to develop political 
and religious authority. 
While Chavín de Huántar is a large site in Peru and within the study area, there 
are many other sites with later dates that are still being studied across the Ancash 
Highlands. Lau (2002b) provides the most comprehensive and up-to-date radiocarbon 
cultural chronology for the Ancash region. He states that following the collapse of 
Chavín, the Recuay culture emerged as demonstrated by many works of pottery 
identifiable by the white-on-red funerary ceramics. Research by Lau (2002b; 2002a; 
2004) and work done by Wagner (2001, personal communication) focus on many of the 
sites of the Recuay Culture of the Early Intermediate Period (0-1,300 yr BP) in different 
elevation zones of the Cordillera Blanca and the Cordillera Negra.  
Many sites of the Recuay Culture revealed complex societies that were linked 
economically, socially, and productively (Lau, 2002b; Herrera and Lane, 2004; Vaughn, 
2006). Still present on the landscape are Chullpa stone structures, utilized throughout the 
Andes as above-ground mortuary structures, and machay below-ground structures, 
synchronous with the Recuay culture and also commonly dated to the Middle Horizon 
(600 – 1200 AD) (Lau, 2002b; Herrera and Lane, 2004). These are evident in the 
surroundings of Honco Pampa, Wilkawaín, and Pueblo Viejo located in the Callejon de 
Huaylas on the western periphery of Huascaran National Park (Herrera and Lane, 2004). 
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Production of maize, Andean tubers and grains, and the raising of camelids were all an 
important component of the Andean livelihood (Brush, 1976; Masuda et al., 1985; Gade, 
1999; Herrera and Lane, 2004). Evidence from various sites reveal that societies were 
socially and economically engaged in agricultural, herding, sedentary, ceremonial, and 
military life-styles (Tello, 1943; Burger, 1995; Isbell, 1997; Lau, 2002a; Herrera and 
Lane, 2004; Lau, 2004).  
Post-Conquest and European Exploration 
At the time of Pizarro’s arrival in 1532 on the coast of Peru, the Callejón de 
Huaylas and the Callejón de Conchucos were well populated and linked via road 
networks to locations on either side of the Cordillera Blanca. Incan and pre-Incan sites 
were found along road networks that lead over mountain passes to the east and the west. 
Craft production and buildings provide evidence that many of the inhabitants of the 
region were part of the Incan tribute system (Morris and Thompson, 1970). The southern 
portion of Ancash was reputed to be an important location for grazing of camelids in the 
grassland puna region.  
Hernando and Francisco Pizarro traveled through the region of Ancash on their 
route from Cajamarca to Pachacamac in 1533. The travels were chronicled by Miguel de 
Estete. Alba Herrera (1997) and the Almanaque de Ancash 2002-2003 provide very 
detailed accounts of their travels. In brief, as Pizarro made his way through the mountains 
of the Callejón de Huaylas with 20 horses and a group of men he crossed the Santa River, 
“a great furious river,” on a sturdy, well-constructed footbridge (Raimondi, 1876; Alba 
Herrera, 1997). As recounted by Miguel de Estete, they rested for a few days along the 
  50   
river and then continued traveling, stopping to sleep in the present location of Yungay. 
On Sunday, January 22, 1533, Pizarro and his men continued again, traveling along a 
road that led them once more across the Santa River. By Monday, they were in a “great 
city” of Guarax, modern day Huaraz, and were greeted by the people of the city (Alba 
Herrera, 1997; UNASM, 2002). In the accounts, maize was produced in abundance and 
there were large corrals by the side of the river with over 200 head of llamas. Francisco 
Pizarro eventually traveled the same route through the Callejón de Huaylas following the 
capture and death of Atahualpa in August 1533 (Raimondi, 1876).  
The boundaries of modern Ancash corresponded to the Corregimeintos of 
Guaylas (Huaylas), Conchucos, Santa, and Cajatambo (Aibar Ozejo, 1968-1969). The 
Corregimiento de Conchucos was known for the extensive productive lands of grains and 
fruit, as well as natural grasslands for grazing. Additionally, the people of the area were 
known as weavers of fine textiles that would be traded to very distant locations to the east 
and to the west (Raimondi, 1876). On the western slopes of the Cordillera Blanca, the 
Corregimiento de Guaylas was known for the abundance of grazing lands. 
 Francisco Pizarro granted and divided two encomiendas in the Callejón de 
Huaylas to Don Sebastián de Torres and Don Jeronimo de Aliaga on August 3, 1538 
(Alba Herrera, 1997). Francisco Pizarro in 1534 had been declared the Capitán General 
and Governor of the Kingdom of New Castilla by the King of Spain. The encomienda 
system as part of the Repartamiento authorized land and resources to those that were in 
service to the Kingdom of Spain with the obligation that they would teach Christianity to 
the Indians with the intent of guarding their well-being and their souls. Don Jeronimo de 
Aliaga Ramirez became the encomendero of the region along the Santa River to the 
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South of and west of the present day city of Recuay, while Don Sebastian de Torres 
Morales claimed the north and eastern portion (Nacional, 1926). However, the resistance 
to the Spanish occupiers by the indigenous people of “Guaras” was demonstrated in 
many uprisings that frequently had brutal consequences. For example, on June 29, 1539 
Encomendero Don Sebastian de Torres was recorded in Lima as being murdered by the 
local population (Espinoza Soriano, 1978). In reaction, the Spanish retaliated against the 
population by massacring at least 600 children from three years of age and younger (Alba 
Herrera, 1997).  
Within a decade, the Spanish assessed their holdings and their territory by 
conducting detailed economic and social inspections, censuses, and inquiries. The 
documentation from different regions form the basis for texts known as Visitas, from 
which many important facts about the conditions of the territory can now be deciphered 
and inferred. One of the earliest censuses to the western portion of the study area by 
Cristobal Ponce de Leon in 1543 includes the Visita recounted by Noble David Cook 
(1976-1977). This work describes the 77 native settlements found in the corregimiento of 
the Provincia de Conchucos, with population estimates, descriptions, and names of 
community leaders (Cook, 1976-1977). The historical material documented in the Visitas 
provides information about the types of production and livelihood strategies of 
communities in this section of the Andes. It should be noted that this information, like 
other census data, is suspect to error.  
The Visita to the repartamiento of Guaraz, under the governance of Encomendado 
Hernando de Torres in 1558 is documented by Aibar Ozejo (1969), and then in depth by 
historian Waldemar Espinoza Soriano (1978). The Visita provides statistics about the 25 
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small and large settlements, including the larger villages of Guaraz. It goes on to describe 
the populations of hacienda workers (peons) living in zones of tierras frias and aspera, 
with grasslands and scrubland and close to many rivers (Aibar Ozejo, 1968-1969; 
Espinoza Soriano, 1978; Alba Herrera, 1997). The production of many agricultural crops, 
including introduced wheat, maize, potatoes, oca, and beans was carried out in these 25 
towns by a total population of 1,890 people. In addition to the food crops, the Visita 
records 23 fields in the northern valley of the study area producing coca on their own 
lands and a lot of territory used for grazing over 1,203 sheep, 453 goats, and 9 Castillan 
sheep and one mare (Alba Herrera, 1997). The Visita also describes the presence within 
the repartamiento of three silver mines, one called Hicanga Angomarca and a gold mine, 
called Matarao (near present day Yungay), which was used during the Incan Empire 
(Aibar Ozejo, 1968-1969; Espinoza Soriano, 1978; Alba Herrera, 1997). 
Haciendas to Present 
A concise history of the Department of Ancash is provided by Alba Herrera 
(1997). The growth of economically important villages of the Callejón de Huaylas, such 
as Recuay, Huaraz, Carhuaz, Yungay, and Caraz facilitated the stretch of highway along 
the Santa river Valley to the coast. Mineral extraction, in the form of copper, silver, gold, 
and lead mines contributed to the development of interior roadways and other 
infrastructure. Agricultural production and the export of dairy resulted in this region 
becoming accessibly integrated with coastal cities of Chimbote and Lima. 
Most of the land and resources were divided up in and around the Cordillera 
amongst large and powerful Haciendas by the early 1800s. Indigenous populations lived 
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as peons on the land, worked for the hacienda owner, and were given access to small 
portions of land for their own agricultural production. People sometimes owned livestock 
that would graze on community land, which in some cases, allowed individuals to accrue 
wealth and improve their conditions (Martínez Alieri, 1977). In Ancash (and throughout 
Peru), there were numerous uprisings by local peasants due to the restrictions on 
livelihoods, lack of rights, and treatment. Many of the uprisings were directed toward 
hacienda owners and against the improper and unjust treatment of individuals (Silva 
Guzmán et al., 1991). The infamous rebellion of 1885 led by an indigenous community 
smallholder, Atusparia, was a response to haciendas levying increased labor demands and 
tax on the population (Alba Herrera, 1997; Thurner, 2000).  
Nationally, the Indigenista movement of the 1920s helped to promulgate 
legislation in the January 18th, 1920 constitution that recognized the institution of 
Comunidades de Indígenas (Indigenous Communities) and granted collective and 
communal property rights that had been in place prior to the arrival of the Spanish. 
Article 58 of the 1920 constitution stated that the State would protect the indigenous 
communities, promote laws, and grant legal rights for indigenous development and 
culture. In 1933, the state guaranteed that the property of the indigenous communities 
would be imprescriptible and inalienable, except in the case of expropriation for public 
use causes. Article 211 of the 1933 constitution declared that the state would adjudicate 
the lands of the indigenous communities and dictate the civil, penal, economic, 
educational, and administrative laws. However, these articles were never implemented. 
Approximately 80-90 communities became formally organized and recognized 
throughout Peru by the early 1970s. The name of the formal institution of “Indigenous 
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Communities” was eventually changed to “peasant-farmer” communities (Comunidades 
campesinas). Contemporary claims by peasant-farmer communities for title to land are 
based upon documents scribed by notaries in the 1600 and 1700s (Martínez Alieri, 1977; 
Silva Guzmán et al., 1991). The issues and concerns for rights, title, tenure, and land-use 
continue to persist today even after widespread agrarian reforms were instituted in 1968. 
The issues surrounding claims of access and titling to land, particularly in relation to the 
establishment of the boundaries of Huascaran National Park, will be further discussed in 
Chapter 4. 
2.4 SUMMARY 
The biophysical and social conditions as described above are important factors in 
the development of Huascaran National Park as a zone of conservation. The human-
environment interactions of the Cordillera Blanca over time have resulted in a dynamic 
landscape that became one of Peru’s earliest National Parks. As in other areas of Peru and 
the Andes, land use following agrarian reform (1968), recent neoliberal reforms and 
transnational conservation agendas are having an impact on conservation of this Andean 
environment (Bebbington, 1996; Tanner, 2003; Young and Rodriquez, 2006). The 
background on how this area became a national park, along with a number of 
conservation challenges faced today, will be discussed in Chapter 4.    
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CHAPTER III 
Methods  
3.1 INTRODUCTION  
Integration of the analytical frameworks of landscape ecology, land change 
science, and cultural and political ecology requires multiple methods of analysis. Notably 
evident in the past decade is an increase in literature from each of these Geographic 
subdisciplines focused on the interaction of parks and people (e.g., Stevens, 1997; 
Brandon et al., 1998; Crews-Meyer and Young, 2006; Southworth et al., 2006b; 
Zimmerer, 2006b). In the book edited by Stevens (1997), cultural ecologists identify site-
specific challenges of how indigenous communities and protected area institutions 
contend with complex issues of land rights, co-management, and conservation agendas. 
Whereas, Brandon et al. (1998), later followed by Terborgh et al. (2002), highlight 
conservationist’s perspectives on the ecological importance of strictly protected tropical 
conservation areas and the potentially negative ramifications of adjacent populations. 
Crews-Meyer and Young (2006) and Southworth et al. (2006) address how landscape 
ecology and land change science research combine landscape metrics with analysis of 
social and cultural dynamics.  
Engagement with interrelated branches of Geography involves a discursive and 
“shifting dialectic approach between society and land-based resources” (Blaikie and 
Brookfield, 1987b: 17) to facilitate an analysis of landscape change in and around 
protected areas. Therefore, one hypothesis for this research is that each branch of the 
discipline contributes a thread for a cohesive analysis, that when woven together, 
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achieves a tapestry illustrating the complexity of protected areas in the Andes. Another 
hypothesis is that an integrated disciplinary approach also requires multiple scales of 
temporal and spatial analysis.    
The methodological approaches and data used to analyze conservation and land 
change science include qualitative data (e.g., Haenn, 1999; Goldman, 2003; Robertson 
and Lawes, 2005; Sundberg, 2006), biophysical data (e.g., Young, 1990; Stattersfield et 
al., 1998; Rodriques et al., 2004; Orme et al., 2005), and geospatial data and analyses 
(e.g., Crews-Meyer, 2001; Hansen and Rotella, 2002; Kintz et al., 2006; Mena et al., 
2006; Southworth et al., 2006a). The meshing of qualitative data with quantitative data 
has resulted in intriguing ethnographic details and documentation of interesting patterns 
at multiple scales. For example, Jiang (2003) determined that remote sensing images 
supplemented qualitative interview data by pastoralists in Mongolia. This research 
concluded that local people’s knowledge was limited at the landscape level because of 
different rates of ecological change and ecological knowledge transfer among families. 
Pasture management occurs on a finer scale and therefore, patterns over broad spatial 
scales were not recounted by inhabitants. This study helps to reveal that the combination 
of remote sensing images and qualitative interviews contributes to multi-scale research 
and analysis.  
Research by Thompson (1989) indicated that informants sometimes have a 
limited time frame for recalling landscape change. Although, Jiang (2003) and Rhoades 
(2006) found the combination of remote-sensing/repeat photography analysis and 
ethnographic accounts provide a dual set of data with which to examine landscape 
change. The capture of images or photos can supplement the material and physical 
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transformations in the landscape that are communicated through the cultural meanings 
that people provide orally. Stories of the landscape recounted by local inhabitants provide 
insight into the spatial and temporal cultural changes that are relevant for analyzing 
drivers of landscape change.  
3.2 RESEARCH DESIGN 
This study entailed a mixed-methods approach combining qualitative and 
quantitative data to obtain a better understanding of the dynamism of landscape change 
and governance. The methods used for this research include qualitative interview data, 
compilation of secondary source materials from historical archives, documents, and 
research materials. Another method of data collection and analysis includes the use of 
geospatial technologies to map and analyze patterns of the landscape. Córdova (1999) has 
found the combination of quantitative and qualitative research essential for studying 
social-ecological systems in Peru. His research on conservation became more relevant for 
regional land use policies after analyzing informants’ quality of life.  
In the Andes, where economies and livelihoods are based upon smallholder agro-
pastoral production and seasonal migration, drivers of change may be subtle. This is due 
to the fact that changing population structure from migration patterns and remittances 
may translate to varied patterns of land use (Jokisch, 2002). For example, in Ecuador 
remittances from migration allowed families to invest in land and labor for agricultural 
production, and it also resulted in the construction of large conspicuous homes. Also, as 
men migrate and women are left to stay in the communities, there are changes in 
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agricultural techniques due to the differentiation of agricultural tasks by gender (i.e., 
women do not usually apply pesticides or plow fields) (Jokisch, 2002).    
Geoghegan et al. (1998:53) posit that research should engage in the “socializing 
of the pixel” and a “pixelizing of the social,” which means that remote sensing, social 
science, and biophysical data should meld for improved analysis of land change science. 
Geoghegan et al. (1998) also noted that LULCC research concentrates on the indirect, 
decipherable, but “embedded” information garnered from pixels in a digital image. This 
“embeddedness” requires grounded field knowledge to assess the social ramifications of 
the information within the pixel. Disentangling the biophysical and social patterns 
evident in a pixel may also involve studying the institutional context from which people 
in households and at broader scales make decisions regarding natural resources, since 
people are embedded in institutions that can mediate or constrain behavior. 
In this dissertation, research questions commenced from an examination of the 
patterns and processes in and around Huascaran National Park. The research also 
integrated the role of institutions, perceptions, and narratives from people that are 
considered stakeholders of this area. The study draws upon the breadth of work that 
values the depth and continuity of indigenous environmental knowledge (Thompson, 
1989; Bollig and Schulte, 1999; Haenn, 1999; Hoeschele, 2000; Jiang, 2003; Robertson 
and Lawes, 2005), while simultaneously acknowledging the potential for ecological 
analysis and application from LULC and landscape ecology studies. The different 
methodologies utilized in this study include qualitative and quantitative studies of social 
and biophysical variables. The qualitative research methods will be recounted first and 
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will be followed with information on the quantitative methods and the processing applied 
to satellite imagery.  
3.3 QUALITATIVE RESEARCH METHODS 
The research methods employed are based upon 17 non-consecutive months of 
fieldwork undertaken in Peru between September 2001 and September 2003. The 
majority of fieldwork was spent in and around the communities of Huascaran National 
Park. At the early stages of research, one month was spent in Lima becoming familiar 
and making connections with people in different agencies, Universities, and Ministries 
where maps and other data were purchased. The rest of the time was spent in the 
Department of Ancash working in distinct study communities and maintaining a base in 
the town of Huaraz.  
Getting entry and access to individuals, meetings, and communities operated via 
two paths. An initial familiarity with international and national conservation and climate 
change issues in the region took place through published literature and emails with other 
research scientists. Once in Peru, this developed further in the preliminary field month in 
Lima with meetings with University professors and students. Next, contacts were made 
with individuals that worked in the National Institute of Natural Resources (INRENA) 
and the Glaciology Unit, consultations with National and International conservation NGO 
directors of Peruvian Association of the Conservation of Nature (APECO), The Mountain 
Institute, The Nature Conservancy, Conservation International, and World Wildlife Fund, 
the Peruvian directors of CARE and USAID, and a series of other agencies that were 
administratively centralized in Lima. The second path taken was to gain access to local 
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inhabitants via the snowball research method that operated initially from networks 
established through the field-technical agents at The Mountain Institute, INRENA, 
CARE, and other non-organizational affiliations. After spending more time in the region, 
contacts and informants were made in communities via the snowball sampling method by 
building upon extended familial networks and community-based organizations.    
Fieldwork included conducting semistructured interviews and focus groups with 
key informants and compiling secondary source materials from historical archives, 
documents, and maps. Semistructured interviews were identified as a suitable method 
because the method permits a more flexible approach and allows for informants to 
respond, develop, and expand on experiences that may be unfamiliar to the interviewer 
(Lewis-Beck et al., 2004; Shih, 2007). Semistructured interviews allow for some 
flexibility in the direction of discussion and interviews, yet maintain a focus on the key 
issues that are of interest. Focus groups were carried out with individuals that were 
involved in particular institutions of resource management. The focus group methodology 
allows questions to be addressed to a group and then responded to with individual and 
group discussion. The role of the focus groups tended to be important for validation of 
key dates, individuals, or events that took place.  
Intensive study areas were selected for the collection of biophysical and land-use 
data (Figure 3.1). These areas were selected based upon the following criteria: 1) 
geographic situation and ecological zones from north to south and eastern and western 
sides of the park, 2) levels of accessibility (road, footpath), and 3) intensity of types of 
use (agriculture/tourism/road). Primary source data were collected from semistructured 
interviews with informants in and around  Huascaran   National Park.  Interviews   were 
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 Figure 3.1: Intensive study areas selected in Huascaran National Park.  
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carried out with 143 individuals, mostly men, and chosen by criterion-based selection for 
their activities within and outside of the park boundary. Informal semistructured 
interviews were carried out with a stratified random group of individuals based upon their 
land use and situation to the park. Interviewees were predominantly local residents 
(n=117, 89 men, 28 women) and officials or technicians involved in conservation and 
development at multiple levels of government or different scales of NGOs to elucidate 
policies, strategies, and linkages among actors and institutions. These interviews were 
important for examining the impacts of different land use and tenure arrangements 
through time and at multiple scales of decision-making.  
Interviews were frequently conducted outside where descriptions and questions 
pertaining to the land and resources could be directed. Semistructured interviews were 
sometimes carried out in public meeting places or in informants’ homes where 
conversations were recorded after permission had been granted. The semistructured 
interview method was adopted because it facilitates an exchange in the form of a 
conversation between the informants and the interviewer, rather than a structure imposed 
by written surveys. The method is ontologically associated with trying to obtain 
perceptions, interpretations, and experiences from informants, while recognizing that all 
knowledge is situated and contextual.  
In earlier stages of the investigation, I quickly learned that my association with 
NGOs and inquiries into land use and land claims could sometimes provoke violent and 
hostile reactions. To illustrate this, here is an example of events from my first month of 
fieldwork in Ancash. I was invited to attend a 15-day traveling workshop-meeting that 
was going to take place as a trek around the Cordillera Huayhuash, approximately 120 
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km from Huascaran National Park. The workshop was organized to provide training for 
people in the local tourism industry, porters, cooks, and guides. It was coordinated and 
sponsored by a prominent NGO, The Mountain Institute, CTAR-DRIT (the municipal 
Tourism and Industry Agency of Ancash), and the regional ASAMs (Associacíon de 
Servicios de Alta Montaña) from the communities around Huascaran National Park and 
the communities surrounding the Cordillera Huayhuash. We had two days of introduction 
in Huaraz and then were dropped off in an isolated, remote location in the Cordillera 
Huayhuash. It was at this field meeting that I was initially exposed to the contested plans 
about the Cordillera Huayhuash becoming a Protected Area-Reserve Zone for Tourism. 
The largest campesino community of Llamac was adamantly against the planners and 
participants of the workshop trespassing on community property and even against 
members of their own community participating in the workshop. The message relayed 
from the community council was that there was resentment, anger, and hostility 
surrounding the discussion of the area becoming a park or a reserve zone. There was a 
clear distrust of the NGO and the regional agencies. Long discussions during the day 
ensued about community land, resources, and the possibilities that it would become a 
park/reserve zone. It was hotly debated about the manner in which a park would affect 
the community’s land-use decisions, agricultural and resource production, and tenure. A 
number of men from the community, who were gainfully employed at the two large 
Japanese-Peruvian owned mines in the region, were actively, openly hostile and loudly 
vocal. Late in the evening about 14 men arrived on horseback with rifles and weapons 
and demanded that everyone from the workshop get off their land. It was also stated that 
there would be a violent reaction if anything about their property were discussed because 
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they were not going to allow their land to become a park. I was the only foreign woman 
to participate at this workshop. Henceforth, I was associated with the NGO by the 55 men 
(3 women) that showed up from the surrounding communities of Llamac, Pocpa, and 
Chiquian. On later occasions whenever I arrived at the city of Chiquian individuals would 
approach me to relay messages back to the NGO, despite my attempts of letting them 
know that I was not affiliated with the Mountain Institute. Of course, this example is a 
more extreme example and not directly within the study area. 
Other events were similar to the one above when I worked in the periphery of 
Huascaran National Park. For instance, I asked to meet with the president of a community 
on the northeastern border of Huascaran National Park to request permission to conduct 
research in the village. After going through a formal process of being introduced and 
attending a community meeting, I described the methods of my research, which involved 
asking households questions about the land, examining vegetation in plots while using a 
GPS instrument, and studying the satellite images. After a lot of discussion and questions, 
I was asked to leave the meeting and was later informed that I was not given permission 
to conduct the research. The explanation for why I could not, as relayed to me by my 
bilingual field assistant, was that the community did not want measurements done of their 
lands. Despite my attempts to clarify my role as an independent researcher, there were 
suspicions about how the information would be used. 
The process of gaining access, entry, and acceptance in to a community and to be 
able to interview and obtain data in some places was challenging. Often, it required 
developing rapport amongst individuals or groups from the community. Therefore, the 
protracted conversational technique in semistructured interviews tended to facilitate trust 
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between me and the informants, particularly regarding the sensitive topic of land. This 
conversational method also elicited spontaneous oral narratives about the land and 
history. Interviews often lasted for more than an hour or longer depending upon how 
many people were present at one time. In addition to obtaining general demographic 
information, questions that were asked addressed the topic of known histories of change 
in the landscape with particular regard to land use, land tenure, resource use, allocation 
and governance, perceptions of changes in the landscape, and projections into the future, 
zones of land tenure (private, communal, public), employment and livelihood patterns, 
agricultural cycles, animal husbandry, community or institutional involvement, 
obligations to community institutions, collection of medicinal or traditional plants, 
interactions with the park, travels outside of the area and for what reasons, significant 
events in the landscape and weather patterns. Interview questions also pertained to 
descriptions of the boundaries of the park, the use of resources internal to the park 
boundaries, claims for access or rights, and narratives about management and change in 
landscape. Tourism, disturbances, and concerns about management or infrastructure were 
also discussed at different sites and with various stakeholders. 
The data gathered from informants were coded and added into a database for use 
with other spatially referenced datasets (Figure 3.2). Due to the nature of responses and 
confidentiality, names of informants are changed throughout this document; however, 
associations to specific communities will be retained. Interviews were crosschecked by 
visiting multiple times or by observing individuals comparing information against and 
with one another. Due to the method and personal style of interviewing adopted, rapport  
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Figure 3.2: Database entry form compiled in Access Database for integration with other 
geospatial data. For a list of questions that were asked, see Appendix 1.  
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developed between many of the informants and the interviewer. This connection was 
enhanced if the field assistant knew the informants in advance. 
In addition to semistructured interviews with informants, other methods included 
attending regional or local meetings, events, workshops, and interviews with focus 
groups, such as community user groups. Over the timeframe of the research, NGOs and 
park officials were conducting public meetings or Casas Abiertas (Open Houses) to 
develop the Park Master Plan for 2003 - 2007. The meetings were important places to 
observe interactions among different user groups, listen to debates and narratives, and 
meet informants for further questions. The focus group meetings were held with 
anywhere from three to 18 individuals at once. During the focus groups, certain 
individuals appeared to be more comfortable discussing certain management or 
community-based issues. In addition, there was a tendency for a few individuals to 
recount stories that were known by many members of the cohort. The methods of 
semistructured interviews and focus groups allowed research questions to develop and 
reveal processes that were further expanded upon in a group question-answer discussion 
setting. Therefore, the interviews revealed more questions that needed to be asked in 
order to understand the dynamics and complexity of conservation in and around HNP.    
3.4 GEOSPATIAL RESEARCH METHODS   
Quantitative data were obtained from fieldwork and derived from remote sensing, 
GIS analysis, and pattern metrics. Spatial data were combined with land use information 
and ancillary data that were collected from interviews with informants, historical aerial 
photographs, and existing park data. This provided a diverse database that allowed for 
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statistical analysis of the land cover. Of prime importance throughout the study was the 
use of ancillary datasets for field reconnaissance, data collection, and analysis. Ancillary 
data include Instituto Geográfico Naciónal de Peru topographic maps, at a scale of 
1:100,000 completed in 1969-1970 and topographic maps of 1:25,000 made in 1973, 
climate data (pluvimetry and temperature data collected) obtained from SENAMHI 
(Servicio Nacional de Meterología e Hidrología del Perú), and population data obtained 
from the survey and community population records. In addition, previous glaciological 
studies, maps from glacial surveys and aerial photographs from the 1940s, 1952, and 
1962 were useful for understanding the present landscape and potential trends in land 
cover and land use patterns. 
Data Acquisition 
Site selection and data acquisition involved examining the aforementioned 
research questions and then determining what data were available and accessible for 
testing hypotheses. Landsat Thematic Mapper (TM) and Landsat Enhanced Thematic 
Mapper (ETM+) were acquired for this study. The situation of the park, as mentioned in 
Chapter 2, covers two scenes of Landsat data of path 8 row 66 (p8r66) and path 8 row 67 
(p8r67). Dates of imagery were selected based upon availability of anniversary date 
cloud-free data. Land cover change detection is best when anniversary-date imagery is 
acquired in order to minimize differences in reflectance of solar angle conditions, 
atmospheric and weather patterns, senescence and phenology properties of vegetation, 
soil moisture and local agricultural cycles (Justice et al., 1985; Quottrochi and Pelletier, 
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1991; Meyer et al., 1993; Green et al., 1994; Frohn, 1998; Jensen, 2000; Song et al., 
2001; Stehman, 2001).  
Selecting quality, cloud free imagery for both scenes (p8r66 and p8r67) and non-
anomalous weather years for north central Peru was a challenge. In the Peruvian 
highlands, the rainy season can start as early as September and continue through March. 
Therefore, obtaining relatively clear, cloud-free imagery had to be narrowed to the 
Southern Hemisphere’s winter months of April through August. In Peru, agricultural 
cycles and culturally relevant dates, such as the Dia de San Juan or Día de Indio on June 
24 is a date to avoid obtaining imagery. On this day, a majority of farmers and urban 
dwellers go to their family fields and celebrate by setting areas on fire (Allen, 1988). The 
skies are clouded with smoke and particulate matter from burning grasslands, crops, and 
woodlands, which can create atmospheric distortions of radiance values.  
The earliest cloud-free anniversary date images that could be acquired for both the 
northern and southern portion of the park were during the months of May and June 1987 
and early June 2001. The influence of El Niño years and the resulting effects on high 
altitude cloud cover resulted in many scenes obscured by high clouds. Between the dates 
of 1984-1986, all scenes were unavailable for use because of vaporous upper atmosphere 
clouds. Two Level 1G (L1G) 8-bit data images with systematic radiometric and 
geometric corrections from 1987 were purchased from the USGS EROS data center and 
downloaded through the FTP server site. Two other scenes were downloaded from 
University of Maryland’s Global Land Cover Facility website. All image processing and 
remote sensing analysis performed used ERDAS Imagine 8.5/8.6. Upon receiving the 
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four selected Landsat scenes, they were visually assessed again to determine if the quality 
of the data were appropriate for examining land cover change over time.   
Table 3.1: Images acquired for study and source. 
3.5 FIELD DATA COLLECTION AND DATA PROCESSING 
Field methods for recording land use and land cover involved preliminary 
interviews with rural inhabitants, NGOs, and the HNP office. The integration of local 
field assistants and resource-user groups, most of them bilingual Spanish-Quechua 
farmers and ranchers, was an important aspect for acquiring site knowledge. As described 
above, this component of fieldwork required an active engagement with community 
members to develop mutual trust and respect, training of user-groups and field assistants 
with the technology and techniques of mapping, and repeated efforts and field contacts to 
verify data. On a number of occasions, assistants sat in front of the computer monitors to 
inform, create, design, and decipher data that were collected in the field or processed in 
imagery. Notes were always taken during the interactive, participative interview process 
to identify land use and land cover. In reciprocity, maps that were cooperatively created 
and designed were printed and provided to community members and groups.  
Image  Type of 
Image 
Date of Image Data Format Source: 
Path 8, Row 66  Landsat 5 
TM  
May 15, 1987 BSQ USGS – EROS data  
Path 8, Row 66  Landsat 
ETM+ 
June 30, 2001 GeoTIFF GLCF 
Path 8, Row 67  Landsat 5 
TM 
May 31, 1987 GeoTIFF GLCF 
Path 8, Row 67  Landsat 
ETM+ 
June 14, 2001 BSQ USGS – EROS data 
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In the field, 582 60 x 60 m plots were selected for sampling within a homogenous 
representative land cover type (Figure 3.3). Over 2,600 GPS and GCPs (Ground Control 
Points) were collected and attributed over the duration of fieldwork. A field protocol was 
created with the Trimble Data Dictionary to digitally collect the following data, which 
also was entered onto a hardcopy: elevation, slope, aspect, land cover based upon specific 
categories of vegetation composition, an estimate of percent cover, specific species, 
presence of animals, disturbance, land tenure and land use, and sketches (birds-eye and 
profile) of the site (Figure 3.4). Conversations with residents also elucidated anecdotal 
and culturally relevant information. In situ reference points were recorded on the 
boundary and the center of each plot. In many circumstances, data points were recorded 
along the periphery of specific land cover patches or features. This was particularly 
important in woodland areas where obtaining GPS points was hampered by vegetative 
cover or proximity to canyon walls. Data were entered into Microsoft Access for 
integration with other datasets including interview data. Photographs were taken at each 
site to provide a visual verification of field conditions.  
Image Processing 
The previously mentioned Landsat images from 1987 and 2001 were used for the 
land cover analyses. Digitized elevation and hydrology data at a scale of 1:100,000 were 
acquired from topographic maps by the Instituto Geográfico Nacional (IGN) in Peru. 
From these datasets, a digital elevation model (DEM) was derived in Arc INFO. Shuttle 
Radar Topography Mission (SRTM) data were also acquired. However, due to 
topographic shadows the gaps in the data rendered the files incomplete. A procedure to 
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fill the gaps was performed, although, the resulting data were more coarse than the 
previously prepared IGN data. Therefore, the choice was made to use the IGN 
topographic information.  
 
Figure 3.3: Collection of field data:(Clockwise from top left) a. Field Assistant Manuel 
straps gear and Trimble unit onto burro to head up to higher elevations, b. 
Field Assistant Pablo carrying GPS unit while making our way around the 
perimeter of a ravine, c. Field Assistant Hugo setting out plots in recently 
harvested agricultural plot.  
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Figure 3.4: Representative example of land cover data collected and entered into 
Microsoft Access for integration with interviews and other datasets. 
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Accurate GCPs acquired during fieldwork were attributed in a database and used 
to rectify, pre-process, image classification, and accuracy assessment. The 2001 images 
were independently rectified using at least 163 GCPs of the 250 Trimble Pro-XRS (with 
Omni Star) GCPs collected in easily identifiable locations, such as road intersections and 
dams. The geometric correction method was a polynomial 2nd-order with nearest-
neighbor resampling to UTM Zone 18 South WGS 84. A nonlinear transformation of 
2nd-order polynomial best suited the footprint of the imagery and the level of distortion 
from topographic complexity. Additionally, the number of GCPs required to best fit the 
polynomial 2nd-order is higher due to the parabolic nature of the transformation. 
  
Table 3.2: Root Mean Square Error for 30-meter pixel for each selected scene. All fall 
within the preferred RMSE of less than 0.5 pixel value (or 15 meters). 
 
The 1987 scenes, DEM, and hydrology data were co-registered to the corrected 
2001 scenes via image-to-image registration. The root mean square error (RMS error) for 
all of the images can be found in Table 3.2. Obtaining an RMS error of less than one 
pixel is considered acceptable and successful when registering imagery. In 
topographically complex areas, there are numerous challenges due to the terrain that 
Image Date and Scene X-value, Y-value 
Final GCPs used 
RMS Error 
30 m pixel 
2001 Path 8 Row 66 (0.34, 0.25) (10.2 m, 7.5 m) 96 0.4337 or 13.0 m 
2001 Path 8 Row 67 (0.33, 0.31)  (9.9 m, 9.3 m) 117  0.4565 or 13.7 m 
1987 Path 8 Row 66 (0.32, 0.29) (9.6 m, 8.7 m) (image to image)  
94 
0.4293 or 12.9 m 
1987 Path 8 Row 67 (0.34, 0.31) (10.2 m, 9.3 m) (image to image)  
102 
0.4633 or 13.9 m 
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make geometric correction critically important. However, the number of GCPs collected 
in the field and repeated efforts produced an effective co-registration among all scenes 
involved.  
The study area was subset from the full image scene by using coordinates the 
Peruvian National Park agency established as boundaries for the official buffer zone 
(INRENA, 2001). Relationships with local landowners and the administration of the 
national park were still being negotiated at the time that these coordinates were described 
(Champa, personal communication, 2002). To create the boundary, a polygon was 
digitized from the known points of the buffer zone and along described locations. The 
boundaries of the buffer zone and the national park boundary form two distinct 
boundaries defining the park and periphery.  
Image pre-processing proceeded with and without an atmospheric normalization 
procedure to account for potential differences in atmospheric or sensor conditions. While 
corrections are not necessary when performing post-classification classified change 
detections with independently classified imagery (i.e., comparing thematic information to 
the Brightness Values in imagery) the procedure was carried out to examine whether 
there would be a striking difference with a Relative Normalization method (Song et al., 
2001). The method of Relative Normalization, or dark object (or pixel) subtraction, was 
performed which assumes that the lowest Digital Number (DN) should be zero. This 
procedure extracts pixel values with a high brightness and high darkness values over the 
entire scene. The normalized classification did not improve the classification when 
compared to the classification without the normalization. This was determined by an 
increased mixing of very distinct classes (centers of lakes and topographic shadow) 
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together in the corrected image compared to the non-corrected image. Therefore, based 
upon field knowledge and pairwise comparisons of the two a posteriori classifications, 
the choice was made to use the non-corrected land cover classification.  
A hybrid unsupervised-supervised ISOdata cluster algorithm was performed on 
the following two sets of data for the same image area: 1) subsets with Bands 1-5 and 7 
stacked together and 2) subsets with stacked band ratios and bands 1-5 and 7. The hybrid 
unsupervised-supervised method was originally described by Messina et al. (2000) and 
utilized by Kintz et al. (2006). This technique initially runs an unsupervised classification 
with the Iterative Self-Organizing Data Analysis Technique (ISOdata) algorithm to 
classify the data into 256 clusters. The number of iterations was set at 30 to assure that 
the calculation of spectral means for the 8-bit data cluster is based upon actual spectral 
location by allowing the convergence threshold of 0.98 to be met (the maximum 
percentage of pixels that remain unchanged between iterations) (Figure 3.6).  
The signatures of the clusters were subsequently evaluated to determine whether 
the separability between classes was significant or if classes could be combined together. 
The signatures were evaluated by measuring the Transformed Divergence (TD) between 
classes. TD values provide an exponentially decreasing weight to increased distances in 
classes, and generally have an upper boundary of 2000 and a lower boundary of 0 
(Jensen, 1996). The closer the values of the calculated signatures are to the upper 
boundary of 2000, the more distinct (or separable) the classes are from one another; a 
value greater than 1900 generally can be separated (ERDAS, 1999). Signatures with a TD 
value less than 1950 were evaluated to determine which class clusters had the lowest 
mean. The class with the lowest mean was deleted, thereby improving the overall 
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statistics for separability. Eventually, the 256 classes were reduced to between 30-39 
classes.   
The next procedure for the hybrid method was to perform a supervised 
classification using the edited signature files. A maximum likelihood supervised 
parametric classification was carried out to achieve a LULC raster file. A post-
classification clumping and 4 x 4 elimination reduced the speckling of individual pixels. 
This process does simplify the complexity inherent in the imagery and the landscape; 
however, it assists in the a posteriori attribution of the scene. The use of spectral 
reflectance curves aided the attribution procedure (Figure 3.5). 
 
Figure 3.5: Mean spectral signatures for different land cover classes. 
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As mentioned above, this classification method was performed on two different 
datasets. In the first test, Bands 1-5 and 7 were classified completely without masking 
cloud, glacier, or other features. In the second test, band ratios were performed and 
stacked with other bands for topographic normalization and to delineate specific features, 
particularly glacier/snow cover, shadows, and water bodies. The following band ratios 
were done on the image subsets (to ensure that none of the scenes had a zero, and thereby 
divide by 0, resulting in null values): 5/3, 4/5, 4/3, 4/1, and 7/4 by making a ratio model 
in ERDAS Model Maker 8.6. Band ratios are enhancements to reduce effects of shadows 
and are proven to reduce terrain effects (Colby, 1991; Eckstrand, 1994; Colby and 
Keating, 1998; Hale and Rock, 2003). They also provide very clear delineation of certain 
topographic and hydrologic features (Walsh et al., 1990; Albert, 2002; Hale and Rock, 
2003). Hale and Rock (2003) found that overall classification accuracies improved 
equally when using any of the aforementioned topographic normalization methods. The 
ratios, in conjunction with a priori information, spectral reflectance characteristics, and 
photographs were essential for deriving a satisfactory land cover classification. 
As observed with p8r66 and p8r67 scenes of HNP and periphery, a band ratio of 
4/5 clearly pulls out the glaciers and glacier shadow (which makes sense because of the 
absorption qualities of band 5 with water). The band ratio of 4/3 distinctly categorizes 
highland wetlands and what appeared to be agriculture in more mesic zones. The band 
ratio 5/3 discriminates between the glacier-snow-ice and vegetation at different 
elevational ranges. Eastern slope, upper elevations had a very bright reflectance, where 
mid to lower elevations are moderate. A 4/1 ratio highlights more open and dense 
vegetation. Zones of very productive or dense vegetation stand out prominently in white. 
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A 7/4 ratio distinctly categorizes some of the higher elevations that probably have sparse 
vegetation and receive strong thermal insolation. The 5/4 ratio however, contrary to the 
findings of Hale and Rock (2003), did not improve the classifications separability 
particularly between the glacier and lakes or glacial shadow from each other. After the 
ratios were completed, a composite was created putting together the bands 1-5, 7 and 
ratios 5/3, 4/3, 4/5.  
The band ratio imagery allowed for very clear and improved separation of classes 
and delineation of the glacier area and wetlands. When processed with the classification 
procedure mentioned above, this technique provided the best method for classification 
and the distinction between glacial-snow cover and cloud cover. Additionally, 
topographic shadow was distinguishable from lakes. The processing took longer and ran 
through an average of 22 iterations to reach the convergence threshold of 0.984. 
Eventually, the classification went from 256 classes to 32-35 depending upon which 
scene, and then went through the following procedure to obtain a detailed second-order 
classification with 23 classes.  
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Figure 3.6: Schematic of procedure to derive classifications on Landsat TM and ETM+ 
data using band ratios, conducting a hybrid-supervised-unsupervised 
classification of 23 classes and then carrying out accuracy assessment on the 
map products. 
 
 
 
 
 Bands 
1-5,7 
 Band 
Ratios 
 
 
  
 Composite 
Bands 
5/3 
Bands 
4/3 
Bands 
4/5 
ISOdata 
Unsupervised 
Classification 
256 
Classes 
      
    32-35 
   Classes 
Supervised 
Maximum 
Likelihood 
 
      Final   
      23 Classes 
      12 Classes 
1987 and 2001 
Classifications 
 
Field 
Data 
  Slope 
Aspect 
 
 
DEM 
Signature 
Evaluation 
 
Accuracy 
Assessment 
 
 81 
The technique of “cluster busting” was employed to refine the persisting mixed 
clusters, particularly topographic shadow, lakes, and the mixed class of cropland and 
wetland. The recognition that cluster busting was necessary was based upon a priori field 
knowledge. Cluster busting involves masking the clusters that are mixed, running an 
unsupervised classification of 20 classes on those classes to reduce the confusion in 
clusters, reclassing them, and then overwriting the mixed cluster class with the newly 
defined class (Jensen, 1996). The final results of the image processing were different 
pairs of classified attributed imagery. Once the individual scenes were classified, they 
were mosaicked together in Model Maker in a conditional statement that selected the 
classes from the northern scene (p8r66) to be used over the classes in the southern scene 
(p8r67) for the overlap area. The northern scene was selected because it had full coverage 
of one of the main study valleys (Quebrada Honda) and less area classed as topographic 
shadow.  
At the end of the above procedures, imagery from 1987 and 2001 were classified 
into a detailed classification with 21 classes and a general classification with 11 classes, 
which are elaborated in Chapter 5 (Table 5.3). Areas in cloud cover and topographic 
shadow were masked and removed for the final analysis. A from-to change detection was 
performed on the 1987 and 2001 scenes to create the 1987-2001 change trajectory. Using 
Model Maker in ERDAS, a conditional clause statement was employed to compare each 
class on a pixel-by-pixel basis to compare land cover categories in relation to one another 
to evaluate the amount of change over time. The landscape was then segmented into the 
variables of interest, the interior of the park, the park periphery, and a 500 m and 1 km 
area on both sides of the buffer zone-park boundary, and an analysis on 500 m and 1 Km 
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on both sides of any roads that traversed the study area boundary. The above areas were 
clipped from the original classified images of 1987 and 2001, and the change trajectory 
image of 1987-2001. These data were then analyzed independently to compare the 
variables of interest.  
3.6 INSIGHTS ON METHODOLOGICAL DESIGN 
In this dissertation, the research emanated from questions and data for the study 
area in and around Huascaran National Park. The research also integrated the perceptions 
and stories from the people that are considered stakeholders of this area. The study 
integrates the breadth of work that acknowledges the depth and timeframe of indigenous 
environmental knowledge (Thompson, 1989; Bollig and Schulte, 1999; Haenn, 1999; 
Hoeschele, 2000; Jiang, 2003; Robertson and Lawes, 2005), while simultaneously 
acknowledging the potential for ecological analysis and application from LULC and 
landscape ecology studies.  
In many of the recent studies that link land-use and land-cover research and 
protected areas there is a concentration on quantitative analyses to determine drivers of 
change (Southworth et al., 2006b). While the quantitative data are critical to modeling the 
drivers of change and deriving comparative results, the richness of blending qualitative 
and quantitative data can provide depth to inform the analysis. This is understood by 
“interpreting phenomena by the meanings that people bring to them” (Denzin and 
Lincoln, 1998: 2). Narratives and discourse related by informants in interviews and found 
in qualitative data informs personal interpretations, social constructions of nature and 
society, and an articulation of perceptions.  
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Recently, the call for more robust, standardized, and integrative research 
combined with a merging of different data types is at the forefront of developing a new 
theory of land change science (Burgi et al., 2004; Rindfuss et al., 2004b; Turner et al., 
2007). Addressing the multiple scales of analysis and the linkages between local people 
and potential policies for conservation or climate change is impelling this research 
agenda. There are challenges to combining multiple methodological and data sources, 
such as aggregation, quality and accuracy, varying spatial and temporal resolutions, and 
linkages across scales (Rindfuss et al., 2004a; Rindfuss et al., 2004b). However, as 
demonstrated by the research of Jiang (2003) the disjunct of spatial and temporal 
resolutions between satellite image analysis and local technical knowledge may 
contribute to improved understandings of the scope of landscape change. Therefore, a 
contribution of this research is the methodology, which demonstrates how qualitative 
semistructured interviews provide a “socializing of the pixel,” in terms of perceptions of 
land cover change within a protected area and may reveal new considerations for policy 
concerning climate change and conservation by linking the pixels to the social at multiple 
scales. 
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CHAPTER IV 
Lasting Legacies: A History of Contested Boundaries in  
Huascaran National Park, Peru 
 
4.1 INTRODUCTION  
Recent reports, articles, and books cite the rise in conservation units as an 
outcome of increased attention to the loss of biodiversity, effects of globalization on 
environmental priorities, and funding available for environmental conservation initiatives 
(Bruner et al., 2001; Chapin, 2004; Robbins, 2004; Zimmerer et al., 2004; Naughton-
Treves et al., 2005; Zimmerer, 2006b). Many new “conservation territories” (Zimmerer, 
2006b) are in the form of parks and protected areas, which are defined in Chapter 1 as 
specific territories of land and/or sea that have defined legal boundaries due to 
biodiversity, environmental services, and natural or cultural resources. Park lands form 
both discrete and fluid boundaries that are significant for understanding current scalar 
global to local political, economic, social, and ecological processes. Parks and protected 
areas are often established for the conservation of landscapes, biodiversity, and cultural 
resources. As a result, research on parks and protected areas has increased, demanding 
improved disciplinary integration (Meine et al., 2006; Young and Aspinall, 2006).  
A surge in protected areas occurred in the Southern Hemisphere for the protection 
of tropical and subtropical landscapes (Chape et al., 2003). Due to the establishment of 
recent protected areas in many countries, there is also a need to reevaluate what the social 
and ecological conditions are in national parks and protected areas that have been in 
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existence for more than twenty years. Early national parks may be considered “first 
generation” conservation units of tropical countries, incorporating a legacy or setting the 
tone for how parks are perceived, utilized, or managed by people and administrators on 
local, national, and international scales. Case studies of these prototypes for landscape 
management consequently can shed light upon contemporary resource management 
conflicts or accomplishments because of lasting legacies imprinted in memories of local 
inhabitants and in policy.  
The goal of this chapter is to examine the beginnings of Huascaran National Park, 
Peru in order to examine how three major events punctuated the inception of Huascaran 
National Park: agrarian reform, natural disaster, and social instability. The hypothesis 
driving this research is that each event resulted in contemporary challenges for the social 
and environmental governance of land and resources of the Cordillera Blanca. Another 
hypothesis is that this has resulted in institutions operating at multiple scales to have 
contested claims on the lands and resources. 
Historical perspectives and narratives reveal embedded perceptions that reify 
people’s relationship to place, institutions, and social relations (Morehouse, 1996b; 
Neumann, 1997; Escobar, 2001). Discursive strategies can be as powerful at affecting 
landscape change as institutional arrangements (Peet and Watts, 1996a; Sundberg, 1999). 
Narratives and articulations by different actors may demonstrate discontinuities with 
which people define and recognize a given landscape, thereby shaping their actions 
(Moore, 1993; Morehouse, 1996a; Escobar, 1998b; Jiang, 2004). In certain situations, 
local people adopt actions and/or a discourse of resistance as a strategy to counter rules or 
structures that are perceived to be imposed unfairly from external institutions (Scott, 
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1985; Peluso, 1992; Bryant and Bailey, 1997). Discourse regarding park boundaries may 
incorporate narratives that reveal the dominant perspective on conflicts about land use 
and conservation objectives in a region. Therefore, factors of landscape change may 
begin to be understood from listening to local people’s discourse and examining patterns 
of land use and the role of institutions at multiple scales (Gibson et al., 2000a; Bassett 
and Zuéli, 2003; Jiang, 2004; Young et al., 2006b).  
To that end, this chapter will provide an historical, ecological, and social context 
for a first generation protected area in Peru, Huascaran National Park and the surrounding 
buffer zone (HNP), officially created in 1975. The use of narratives and articulations that 
were provided in interviews by various stakeholders will demonstrate how competing 
claims to the landscape of HNP are resulting in conflict and negotiation over access to 
land and resources within this protected area. To situate this research the contemporary 
example offered by HNP ideas will be linked to the broader disciplinary discussion 
regarding conservation and the recent expansion of parks and protected areas throughout 
the world and in Peru. Field methods that were employed to provide a basis for the 
analysis are elaborated in Chapter 3.  
4.2 CONSERVATION: FROM THEORY TO PRAXIS 
Protected areas offer one method to quell anthropogenic environmental change in 
the form of in situ conservation of natural resources and biodiversity (Diamond, 1975; 
Young and León, 2000; Bruner et al., 2001; Southworth et al., 2006b; Young and 
Rodriquez, 2006).  A protected area is defined as a discrete land or marine area where the 
goal is for protection or restoration of biological diversity and the corollary requisite 
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biophysical processes, as well as the protection of cultural resources (McNeely and 
Miller, 1984; IUCN and Centre, 1998; Bruner et al., 2001). There has been a dramatic 
increase in the coverage of terrestrial land area in the past twenty years that falls into a 
variety of conservation categories (IUCN and Centre, 1998; Mittermeier et al., 1998; 
Zimmerer et al., 2004; Naughton-Treves et al., 2005; Zimmerer, 2006b). Examples of 
these categories include strictly protected with minimal-use parks to broad categories that 
maintain sustainable-use and cultural resource zones.  
Approaches to conservation have changed over time, as have the sociopolitical 
and economic processes that increasingly intertwine our globalized world. In the past 
twenty years new methods, techniques, institutions, and disciplines directed toward the 
protection and/or management of biodiversity have arisen (e.g., Diamond, 1975; 
Mittermeier et al., 1998; Soulé and Terborgh, 1999; Meine et al., 2006; Young and 
Aspinall, 2006). Geographers and ecologists using geospatial data contribute to analyses, 
modeling, and assessment of ecological and social parameters in parks and people 
scenarios (Crews-Meyer and Young, 2006; Southworth et al., 2006b). The availability of 
geospatial technologies have provided an important technological advance and approach 
to the scaling – both spatially and temporally – of ecological and social data (Gibson et 
al., 2000b; Walsh and Crews-Meyer, 2002). Growth of cognate disciplines, such as 
conservation biology, has also broadened the realm of research and techniques directed 
towards applied conservation (Meine et al., 2006). Parks have also become relevant in 
social science literature and research because of the prominent role of institutions, social 
justice, natural resource governance and political economy (Agrawal, 2000; Bruner et al., 
2001; Neumann, 2003) 
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Recent studies conclude that global hotspots, zones of high species richness and 
priority sites for conservation, predominate in areas with topographic extremes, 
particularly in the Andes Mountains of South America (Rodriguez and Young, 2000; 
Orme et al., 2005). Transnational conservation organizations have acted on the 
opportunity to reduce anthropogenic impacts in the Andes in areas that are identified 
(oftentimes by these same organizations) as biodiversity “hotspots” (Brandon et al., 1998; 
Mittermeier et al., 2000; Myers et al., 2000; Hansen and Rotella, 2002). Simultaneously, 
global political and economic circumstances, such as neo-liberal economic reforms, have 
opened up lands and resources throughout the Global South from the concentrated 
holdings of a few wealthy elite or from previously state-owned, often non-democratic, 
government systems (Bebbington, 2000; Tanner, 2003). This change in policy has 
facilitated the expansion and categorization of new protected areas throughout the world 
(Zimmerer et al., 2004; Naughton-Treves et al., 2005). It has also increased the number 
of politically and economically marginalized people that are participants, sometimes 
unwillingly, in the nexus of parks and people (Young et al., 1994; Stevens, 1997; 
Neumann, 2003; Pfeffer et al., 2005). 
Parks, People, and Sustainable Development 
Peripheral park communities, where people are living adjacent to the boundaries 
of a park, are fundamental to the discussion of protected areas and conservation. 
Initiatives known as community-based conservation or sustainable development attempt 
to provide socio-economic development for peripheral park communities while limiting 
anthropogenic perturbations (Berkes, 1989; Agrawal and Gibson, 1999). Studies examine 
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the manner in which those development projects aligned with conservation objectives, 
also referred to as conservation with development or integrated conservation and 
development projects (ICDPs), may constrain local people’s options, land availability, or 
mediate decisions with regards to economic development (e.g., Berkes, 1989; Escobar, 
1995; Agrawal, 1997; Stevens, 1997; van Schaik and Rijksen, 2002; Naughton-Treves et 
al., 2005). In certain situations, ICDPs may allow for peripheral park communities to 
adapt to conservation goals with economically viable alternatives for development (van 
Schaik and Rijksen, 2002). In areas around national parks, ecotourism is frequently 
broached as a conservation-with-development strategy that may satisfy the needs of local 
people within a periphery of a conservation area, while also bringing in foreign financial 
input from tourism (Wright, 1994).  
Critiques of conservation launched over the past twenty years challenge the intent, 
methods, political motives, economics and scale of conservation and institutions involved 
in conservation with development (Escobar, 1995; Stevens, 1997; Sundberg, 1999; 
Chapin, 2004). For example, Sundberg (1999) revealed that at a local scale, the lives and 
discourse of people living in the Maya Biosphere Reserve of the Petén in Guatemala were 
being affected because of global environmental agendas that were having a role in 
national Guatemalan environmental policy. Other studies research the manner in which 
indigenous and local people are, or are not, incorporated into conservation goals or the 
prescriptive approaches applied to conservation projects (Eyre, 1990; Pimbert and Pretty, 
1995; Stevens, 1997; Brandon et al., 1998; Chapin, 2004). For example, Chapin (2004) 
critiqued the multiple agendas that large international conservation organizations operate 
with in order to placate bilateral and multinational donors; thereby, disregarding socially 
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complex fine scale dynamics and local practices (Chapin, 2004). The lack of 
incorporating differences in population, site, and situation often does not foster successful 
local scenarios (Chapin, 2004; Sneddon, 2006). Whereas, other critiques have identified 
that protected areas and conservation agendas play a critical role in not only conservation, 
but are largely regarded by the state as a means for national development and poverty 
reduction (Naughton-Treves et al., 2005). Many Andean people are unaware of the 
academic debates surrounding the practice of conservation and development. Although in 
almost all scenarios of conservation and development, networked actors engaged in 
institutions at local, national, and international scales are involved in the process, 
procedures, and outcomes of conservation-oriented actions. In this study, these 
interactions at multiple scales are evaluated for Huascaran National Park. 
Political Ecology: Analyzing Action through Institutions 
Cultural ecology and political ecology share a theoretical framework which can 
be used to examine the social multi-scalar and internal dynamics of power or authority 
structures that are involved in resource management (Bassett, 1988; Robbins, 2004; 
Zimmerer, 2006a). Resources may be in contestation because of different actors’ 
interpretations, articulations, understandings or legal foundations for ownership, rights-
to-use, or access (Morehouse, 1996b; Brown, 1998; Vogel et al., 2007). Political ecology 
offers a theoretical perspective on how discourse may shape actions among different user 
groups in regards to access to resources (Peet and Watts, 1996a; Bryant and Bailey, 1997; 
Escobar, 1998b; Jiang, 2004). It can be particularly useful for analyzing the manner in 
which actors, whom are engaged in institutions at overlapping scales, inter- and intra-
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relate in regards to the contested use of resources (Bassett, 1988; Ostrom, 1990; Agrawal 
and Yadama, 1997; Robbins, 1998). 
Conflicts over contested resources or land use may be brought to light via 
individuals or institutions through forms of resistance, narratives, or political action. An 
important role that institutions have for managing resources stems from common-
property theory (Hardin, 1968; Jodha, 1987; Berkes, 1989; Feeny et al., 1990; Ostrom, 
1990; McKean, 2000; Dietz et al., 2003). Robbins (1998) found that the common 
property literature failed to explain the direct linkages between institutions, 
environmental conditions, and political economy. Additionally, Robbins noted that 
common-property literature tended to homogenize local institutions, rarely addressing the 
internal conflicts and contestations that institutions operating at all scales confront. This 
aspect will be addressed in this study by differentiating how local institutions operate 
within a context that is specific, locally relevant, and dependant upon relationships with 
other exogenous institutions. 
Local institutions and local people do not operate as homogenous units 
(Neumann, 1992; Moore, 1993; Leach et al., 1999). Instead, there are power struggles, 
charismatic figures, and contestations over rights to access and use on multiple 
institutional and spatial scales. The recognition that institutions are transformable and 
mutable, depending upon resistance or reification, acknowledges the stochasticity of 
social systems. An examination of institutional dynamics and actors involved in resource 
management may highlight the values and goals associated with decision-making for 
particular places (Savory and Butterfield, 1999).  
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Institutions are involved in the act of creating defined boundaries, which sets up 
zones of exclusion, inclusion, and definitions for rights of access and use (Morehouse, 
1996b; Robbins, 1998; Gibson et al., 2000a; Robbins et al., 2006). Institutions involved 
in environmental governance or conservation and management often overlap for a given 
territory. Contested terrain and resource claims by overlapping institutions arise with 
competing definitions over where boundary configurations are established and may be 
based upon historical rights of access to, or exclusion from, particular places or resources, 
gender relations, and/or conflicting notions of tenure or entitlement (Moore, 1993; 
Carney, 1996; Morehouse, 1996b; Agrawal, 1997; Leach et al., 1999). Therefore, 
overlapping institutions that may operate within and around established boundaries are 
actively participating, negotiating, and/or resisting how resources are managed and land 
use is determined.  
The context and determinant of land use is situated in the knowledge, experiences, 
and perspectives of individuals involved in a place. Examining the manner in which 
people articulate their relationship to a place and the pattern of land use that they carry 
out within it, may reveal the how and why of disagreements among institutions regarding 
rights to access or tenure. The narrative claims of access to a contested terrain can be 
analyzed to reveal how space is produced and used over time. This in turn may identify 
where conflicts, contestations, and ambiguities arise in the action and policy arena of 
protected area management. In this study, the narratives of landscape and claims to 
resources are examined from different stakeholders that are part of different institutions 
in and around Huascaran National Park. 
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4.3 CONSERVATION IN PERU 
History of Protected Areas in Peru 
Young and Rodriguez (2006) report upon historical processes that were critical 
for establishing and maintaining the Peruvian protected area network. The authors 
identify how national environmental agendas are affected by global policies and 
transnational conservation organizations. The multiple institutions often determine the 
ecological areas that are under protection. Protected areas are classified into different 
categories based upon their biological, cultural, historical, natural resource, recreational, 
and scenic value. A series of conservation efforts involving multiple actors and 
institutions unfolded in Peru to develop the current National System of Natural Areas 
Protected by the State (SINANPE – Sistema Nacional de Areas Naturales Protegidas por 
el Estado) (Young and Rodriquez, 2006). SINANPE formally became the national 
protected area system in the 1990s after going through restructuring and formalization.  
Currently, over 429,000 km2 of Peruvian territory are classified within one of the 
ten types of SINANPE protected area categories (Figure 4.1). The majority of this area is 
contained within one of the 11 different National Parks in Peru, which includes 
approximately 8 million hectares. The most recent additions to SINANPE include two 
new designations of Wildlife Refuges formalized in 2006. The amount of land area in 
SINANPE follows a global trend of expansion and creation of conservation territories. 
 94 
 
Figure 4.1: Current map of protected areas in Peru, 2008.  
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In 1961, Cutervo in the Department of Piura became the first Peruvian National 
Park falling within the administrative domain of the Agricultural Ministry, then known as 
the Servicio Forestal y de Fauna. This National Park set a precedent in Peruvian 
legislation, but as noted by Barker (1980) the Park did not factor into an overall national 
plan for conservation, and therefore lacked the enforcement to be more than a titular 
paper park. In 1965, the next National Park, Tingo Maria, was formalized by elected 
President Belaúnde Terry. Additions to the national protected area system continued, 
although in a non-democratic fashion, as lands were confiscated and put under State 
control between the years of 1968 – 1980 during the military revolution government 
(Table 4.1).  
The Velasco regime in 1975 established the Law of Forestry and Wildlife 21147 
(Ley Forestal y de Fauna Silvestre 21147) as a basis for legislation on conservation and 
use of natural resources. New categories of conservation units were added to the National 
system in order to preserve “representative samples” of the ecological zones of the 
country (Barker, 1980). Periods of growth of the Peruvian protected area system 
continued under both constitutionally recognized presidents, military regimes, and 
interim presidents. Eventually, the entire conservation system was reconsolidated as 
SINANPE in the 1990s. At the time of this writing, it is housed administratively in the 
National Institute of Natural Resources (INRENA), which is considered a decentralized 
public branch within the Ministry of Agriculture; however, on May 13, 2008, the 
President, Alán Garcia, will sign into Law the new Ministry of the Environment. The 
Ministry will have two different vice-ministries of the Strategic Development of Natural 
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Resources and the other, Environmental Management, within which the Protected Areas 
system will be managed. 
Between 1997 and 2003, new rules and norms were passed almost doubling the 
size of SINANPE. Laws were passed which altered the administration of public lands and 
later facilitated private conservation efforts to be incorporated into the overall System 
(Decreto Supremo 038-2001-AG). The legislation for SINANPE currently seeks to 
privatize administration of protected areas and calls for improved integration with 
surrounding populations. However, many of the protected areas that are in place have 
legacies that will make this integration a challenge, as will be explained in the following 
pages. Additionally, top-down conservation agendas and state run institutions suffer from 
bureaucratically slow procedures and transfer of information. Complicating the issue for 
protected areas and natural resources are the laws that favor development and private 
transnational corporations. While this is certainly not unique to Peru, the trend of 
neoliberalism and foreign investment for resource development has not quelled during 
fiscally difficult times. The manner in which national level protected area institutions are 
modified by administrative and policy changes will have ramifications at international, 
regional, and local scales.  
The original reorganization of SINANPE demanded increased interaction with 
stakeholders and NGOs in order to have a more participative approach to park 
management. As a result, a legal mandate for participative methods for park master plans 
was enacted. This resulted in all Peruvian National Parks undergoing revised 
management and park planning with the participation of local communities in 2001 to 
comply with the law. However, as will be demonstrated, participation may result in 
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increased challenges for park management, as the historical consciousness of civil society 
still retains the memory of the past.  
4.4 HUASCARAN NATIONAL PARK, PERU 
The following case study will discuss how the history and people surrounding, 
and within, Huascaran National Park share and assert different claims for rights to access, 
and therefore land use, within this mountain system. The conflicts that occur at 
Huascaran National Park have an effect on the overall SINANPE System as revenue from 
this park contributes funds to the administration of the overall SINANPE system. 
Huascaran National Park is easily accessed and visited by many Peruvian Nationals, 
thereby contributing to a national perspective on how National Parks are managed. In 
addition, the Cordillera Huayhuash Reserved Zone is within close proximity to 
Huascaran National Park. Therefore, the process of formalization of this new 
conservation territory is directly influenced by the actors, institutional actions, and policy 
outcomes that take place in Huascaran.  
Ancash Prior to Agrarian Reform 
Peruvian and foreign researchers have been attracted to the Department of Ancash 
to examine the geography, geology, and vegetation, although very little of this research 
has resulted in published accounts of the landscape or people (Raimondi, 1876; 
Weberbauer, 1945). At the turn of the 20th century, American outdoor adventurer, Annie 
Peck Smith, was also attracted to the Cordillera Blanca region. Smith (1911) wrote 
extensively about her travels to Peru with descriptions on the people and landscape. Her 
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goals at the time were to be the first person to climb Mt. Huascaran and to ascertain the 
exact height of the mountain.  
But to what end this conquest? The ascent of any great mountain might interest a 
few, but if observations could be made…proving this to be the loftiest known 
mountain on this hemisphere, a notable scientific achievement would be 
accomplished. By this means to draw attention to the magnificent scenery of a 
neglected district, to awaken interest in one of the richest sections of the globe, 
and thus to aid in promoting acquaintance, hence friendship and commerce, 
between the two countries would be to render service not only to Peru, but to our 
great republic as well (Peck, 1909: 174). (Figure 4.2) 
 
Her accounts describe the agricultural productivity of the region, the struggles of 
the peones working at the haciendas, and the challenges of attempting to be the first 
known person to ascend Mt. Huascaran (Peck, 1906). She also documents a sighting of 
now rarely seen guanacos in the highland valley north of Mt. Huascaran. Peck eventually 
ascended the mountain in August 1908 by hiring and equipping young men from the 
region to be her porters along with two Swiss guides. Peck’s measurements were 
inaccurate however, and placed the height of Mt. Huascaran at 7300 m (532 m too high) 
and the snowline at 4572 m. Even though her measurements were off, her photographs 
reveal a landscape and mountain different than the one visible at present (Peck, 1906, 
1909, 1911). The differences in the landscape of today and that of 1908 are evident in the 
structure and landscape of Mt. Huascaran that was reshaped from natural hazards, the 
recession of glacial cover on the surrounding peaks, and the differences in types of 
vegetation found in the foreground of the photos in the foothills. 
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Figure 4.2: Annie Smith Peck after reaching Mt. Huascaran and pictures from the ground. 
Photos from Peck, 1911. 
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Figure 4.3: Llanganuco Gorge in 1908 photo taken by Annie Peck Smith on her travels. 
(top) Llanganuco Gorge in April, 2002. (bottom)  (Photo by author.) 
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The German-Austrian Alpine Association (Deutscher und Osterreichischer 
Alpenverein) funded multiple years of research and exploration in 1932, 1936, and 1939 
by a team of Geographers headed by P. Borchers, Hans Kinzl and Edwin Schneider 
(Byers, 2000; Kaser and Osmaston, 2002). Impelled by personal ambitions to climb the 
world’s highest peaks, the team also was very dedicated to studying the geography of the 
Andes while applying new photogrammetric techniques (Brunner and Welsch, 2002). 
The team carried out extensive cartographic, photographic, and photogrammetric studies 
in the entire region creating detailed maps that continue to be printed and used 
(Alpenverein, 1988). The archival photographs were the principal resource for Byers’ 
(1999) repeat photography research on landscape change in Huascaran National Park. 
More photographs and archival information are awaiting digitization at the University of 
Innsbruck, Austria and integration into future research endeavors (Kaser, personal 
communication, 2006).  
Part of the research conducted by the German-Austrian team assessed natural 
hazards of the Cordillera Blanca. In 1941, a destructive glacial lake outburst and 
mudflow, known locally as an aluvión, destroyed the city of Huaraz. As it flowed from 
Lake Palcacocha, it covered over villages and the edges of the city, burying over 5,000 
people. Extensive disturbances from glacial outbursts and mud flows were recorded in 
the region by other chroniclers, such as the earthquake and mud flow of 1725 that buried 
a town formerly known as Ancash and the 1941 mudflows that buried the city and 
archaeological site of Chavin (Raimondi, 1876; Tello, 1943; Burger, 1995). There are 
over 35 aluviónes and avalanches recorded for the Cordillera Blanca and many others 
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that have occurred without being recorded (Lliboutry, 1977c; Kaser and Osmaston, 
2002).  
Following large scale disturbances in the 1940s and 1950s from glacial outbursts, 
the Geologic Institute of Peru with funding from the Santa Corporation of Peru invested 
in securing the glacial lakes in the Cordillera Blanca with dams and hydrologic stations 
near the glaciers and conducting airphoto reconnaissance to identify hazards 
(Electroperu, 1962; Lliboutry et al., 1977; HIDRANDINA, 1988). The project of 
damming the lakes for security, fresh water, and for hydroelectricity was still underway 
in 2004 and stimulated controversy regarding water-rights and protected areas (Bartle 
2004). While people are in favor of securing the lakes in a manner to ensure safety from 
potential natural hazards, the conflicts arise when water is either diverted or unfairly 
allocated. Water is diverted from the Lake Paron catchments in the northern reaches of 
the park for the production of hydroelectric power to Cañon del Pato. (Figure 4.4). 
However, there are other issues that are creating conflicts among institutions and water 
resources in the Cordillera Blanca. For example, the park office allowed a road to be 
constructed and a pipe to be set into the Quilcayhuanca Valley to provide fresh water  
from a glacial lake to a recently developed Canadian mining company compound. Also, 
the water that emanates from the glacial lakes is channeled and diverted for 
hydroelectricity by Duke Energy for electricity production for distant cities on the coast, 
while local communities on the periphery of the park and within short distance of the 
glacial lakes do not have electricity and are actively involved in petitioning the regional 
government for electrification. 
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Figure 4.4: The diversion built at Lake Paron(left)  to provide water from the Santa River 
Basin to the hydroelectric plant at Canon del Pato (right). Photos by author. 
 
Additionally, Duke Energy controls the price that is charged for electricity from 
the free use of water from public lands. However, more importantly and a source of 
contestation, local people in the region rely upon the runoff from the glacial lakes for 
agricultural production during the dry season and as water is diverted to suit the 
electricity demands for distant urban dwellers, local communities concerns and their 
 104 
livelihoods are not prioritized or considered by regional or national development goals. 
At the time of this writing, there are also a number of discussions by community 
members in the Paron Valley to threaten to disrupt the flow of water to the hydroelectric 
plant. The threat of these actions would effectively disrupt electricity to large coastal 
cities and would be an act of resistance that would affect the nation.  
Despite the attraction to the region by scholars there was a dearth of research on 
the cultural and social conditions of Ancash prior to the 1920s (Osterling et al., 1983). In 
Ancash at the turn of the century, the majority of the population was living as peons on 
lands owned by hacienda owners, patrones. The Colonial era latifundia system in Peru 
locked up land holdings into large private estates or plantations by absentee or local 
gentry, the state, or corporations (Caballero, 1977). According to Ugarte (1945) of 
120,000 hectares in production in Ancash, 78% were producing crops, 17% were used for 
pasture of cattle, horses, sheep, and goats, and 5% were industrial (cotton, sugar cane, 
mines). The majority of the population was Quechua monolingual indigenous 
households, which were forced to work for at least three days a week for a patron in order 
to have access to their own small parcels of land. As population rose, increased pressure 
was placed upon an already marginal land-base (Mayer, 1974).  
In Ancash, as in other regions of Peru, hacienda owners owned the majority of the 
land with a number of them as absentee landowners, living in the distant city of Lima, 
and hiring help to maintain the functioning of the hacienda (Martínez Alieri, 1977). The 
haciendas tended to use the best and most productive agricultural land for commercial 
production and controlled water sources. The owners generally permitted the local 
population to have access to lands that were marginal, away from water sources and with 
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steep slopes (Oré, 1974). Usufruct rights on most haciendas permitted families to claim 
land that was not being used for other production. Laws concerning water rights were 
rewritten in 1902 (Codigo de Aguas 1902) and privileged the private property owners to 
control the rights of source and headwaters. Private owners generally apportioned water 
flow according to their own needs and often willfully neglected indigenous populations 
and others down slope (Brodsky and Oser, 1968). Lands that were agriculturally 
productive, in the lower reach of the Valley and within access to water, were used to 
cultivate potatoes, grains, and beans. Haciendas located on the eastern and southern 
flanks of the mountains in the upper elevation grasslands predominantly produced 
livestock for sale in the regional or national commercial market of San Marcos or Lima, 
respectively. Irrigation canals were established by households to access water for family 
gardens from higher elevations and were often diverted by Hacienda owners and workers. 
According to interviews with informants and maps from the Ministry of 
Agriculture, there were approximately 32 owners that had control of the productive lands 
within Hacienda-style holdings in the Districts around the Cordillera Blanca (Figure 4.5). 
The following compiled research identifies the principal families that had landholdings in 
the region. However, business ventures, such as those with the Santa Corporation and by 
American capitalist Henry Meiggs who established the Peruvian Railway system in the 
1870s through the Santa Valley, also put land and resources into non-familial holdings. A 
few of the families were recent immigrants to Peru, including the Handabaka Family, 
originally from Croatia, and Italian immigrants in the Departments of Pallasca and 
Pomabamba. Families maintained land holdings and operated small mines of iron, zinc, 
copper, gold, and silver in the upper area of the mountain valleys on the east and western 
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slopes of the Cordillera Blanca. In the latifundia system, peons not only did agropastoral 
labor, but also were forced to work in mines or industries that were owned by the patron, 
sometimes distant from their homes. The patrons from Pallasca and Corongo owned 
sugar cane plantations on the coast and forced the peons to move and seasonally work on 
these plantations. Living conditions for the majority of the population were difficult. 
Despite tragic attempts to organize against hacienda owners for access to land and 
improved living conditions, efforts were rapidly squelched and the abusive conditions 
remained throughout the early-1900s  (Oré, 1974).  
During the dictatorship era of President Leguía (1919 – 1930), indigenous 
communities petitioned for social justice rights and for secure access to legal tenure 
through means of indigenous resistance. Eventually, this was granted and people were 
able to formalize their ownership if they were recognized as a campesina, or peasant, 
community. The process of becoming an officially recognized Comunidad Campesina 
required collective action, organization, original documents outlining the boundaries of 
proclaimed communities (often from early colonial records), and funds to process the 
legal proceedings and paperwork. The procedures of formal recognition entitled 
indigenous communities to position themselves legally and territorially against the estate, 
and in many cases against other communities (Hobsbawm, 1974). As an example, of the 
34 communities in the Bolognesi Province of Ancash, 32.4% were legally recognized 
before 1930, 38.2% from 1931 – 1939, and 17.6% from 1939 – 1947 (PETT, 2006). 
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Figure 4.5: Principal landholding families in the Department of Ancash prior to Agrarian 
Reform 1968, compiled in interviews and archival documents. 
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Amidst growing population and economic pressures in the highlands of Ancash in 
the 1940s, a large national infrastructure project was established in the Santa River Basin. 
A state capitalist venture, The Santa Corporation (Corporación Peruana del Santa) 
established by the government on June 4th, 1943 was designed to encourage 
industrialization as a means for national economic and social development via job 
creation (Lynch, 1982). This project was a multi-phase industrial growth plan which 
included hydroelectric plants, railroad and road construction from the coastal cities to the 
interior valley of Ancash, iron processing plants, fishmeal processors in Chimbote, and a 
linen factory in the central region of the Santa River Valley (Patch, 1962). The Santa 
Corporation leased lands in the Callejón de Huaylas on the Vicos Hacienda in the District 
of Marcará to supply workers through peonage for projects and land for flax production 
for a linen factory owned by a Santa Corporation official.  
The industrialization plan was decisive for the Callejón de Huaylas because it 
created an aperture permitting increased contact, investment, and mobility to the coast. In 
other regions of Peru, railways and roads transformed the vertical system of exchange 
that was common in the Andes and rather, began to concentrate housing and trade along 
linear, valleys and roadways (Hobsbawm, 1974). As Peru was beset by larger economic 
problems and restructuring following World War II, the Santa Corporation became mired 
with financial and technological problems. The aforementioned glacial outbursts of 1950 
and 1951 destroyed structures and tunnel excavations for the Santa Corporation’s 
hydroelectricity plant. Not only did the natural hazards result in economic and 
infrastructure setbacks, but there was also a growing need to evaluate and build dams on 
glacial lakes for stability and population security increased (Electroperu, 1962). 
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Engineers and technical teams required better access to glacial lakes which resulted in 
numerous dirt roads being put into surrounding glacial valleys, as well as job 
opportunities for local residents (Carey, 2005b). Carey (2005) provides a compelling 
review of the social and class-based ramifications of these public works infrastructure 
projects in the region of the Cordillera Blanca.   
In the mid-1950s, in response to economic opportunities and in conjunction with 
disturbances and devastation wrought by avalanches and landslides, many people from 
Ancash emigrated to the coastal cities of Lima or Chimbote (Brodsky and Oser, 1968). 
Family members that moved to the city were influential in creating a stratified society 
back in Ancash. Cash that was earned in the city was sent back to rural relatives for the 
purchase of livestock (Stein, 1974). In the highlands, social and class-based stratification 
was geographically dependent upon where people were situated in urban lower elevation 
zones or in rural highland communities (Oliver-Smith, 1977; Bode, 1989). A mestizo 
population of wealthy landowners and service-oriented individuals had homes in the 
parte baja and urban area along the fringe of the river valley, while the “indios” or 
indigenous Quechua population were associated with the highlands or alturas (Mangin, 
1955). Urban society maintained power and influence over regional affairs because of the 
immediate access to information, laws, and avenues of policy formulation. Rural 
households were distant from the networks and dissemination of information. As will be 
described below, the stratified landscape was subject to change when natural disasters 
and agrarian reform transformed settlement patterns, land availability, and economic 
circumstances for the Ancash population (Mangin, 1979; Bode, 1989; Carey, 2005b).   
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The Cornell-Peru Project: The Vicos Experiment 
In 1948, as a result of the decision by the Santa Corporation to establish 
operations in the Callejón de Huaylas, Cornell Anthropologist Allen Holmberg set out on 
a trajectory of research in Peru that would have wide-ranging and long-standing 
consequences (Doughty, 1987). Holmberg intended to analyze the process of social 
change as people were integrated into a developing and modernizing economy between 
the centralized cities on the coast and the distant highland communities. However, as part 
of Cornell University’s Program on Culture and Applied Social Change, Holmberg 
initiated a research agenda that actively sought out to effect change in the Ancash 
community of Vicos. In 1952, in collaboration with the Indigenous Institute of Peru, 
directed by Peruvian medical doctor Carlos Monge, Holmberg purchased the lease on the 
hacienda lands of Vicos and along with numerous graduate students (including two 
Peruvians) began steps to study and change at the same time the role of the Ancash 
campesino for a period of 10 years (Whyte and Holmberg, 1956). Due to the long-term 
research, funding and consequences of the Cornell-Peru Project, there are numerous 
articles, reports and essays published about the Vicos Experiment (e.g., Vásquez, 1963; 
Dobyns et al., 1964; Alers, 1965; Holmberg, 1971; Mangin, 1979; Lynch, 1982; 
Doughty, 1987). In recent years, the conservation-with-development NGO The Mountain 
Institute has focused development projects in Vicos and partnered with Cornell 
University to document the history and oral stories of Vicosinos (Vicos, 2005).   
The relevance of the Vicos Project to this study is that it provides a detailed 
portrait of what livelihoods and conditions were like for the population in the region, 
prior to agrarian reform and the national park. Also, the unique acquisition of land 
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established by the project set a precedent for agrarian reform on a National Scale and has 
left an indelible mark on this community and the region. It also has resulted in the Vicos 
lands and the highland valley of Quebrada Honda to have a markedly different land 
tenure arrangement than areas around it. At the arrival of the Cornell-Peru Project, the 
livelihoods of populations living as peones on other haciendas were similar to the one 
described and recorded for Vicos. Vicosinos participated at first reluctantly, but then 
willingly, in the project. Over 300 graduate students conducted research in Vicos. The 
Cornell Peru Project had support from the Indigenous Institute of Peru and the 
community was visited by notable US political lawmakers including Senator Edward 
Kennedy. The research conducted and outcomes from Vicos were considered an 
international lesson in development, diplomacy, and social change. 
Vicos comprises approximately 18,000 ha of land located in the Department of 
Ancash, province of Carhuaz, district of Marcará at 2,895 m and 4,800 m elevation. 
Colonial documents declare that the lands of Vicos were once within the holdings of two 
families, Colonia and Leiva, in 1593. Descendents of the Colonia family still reside today 
in the city of Carhuaz. The lands eventually transferred in 1611 to the Beneficencía 
Publica de Lima (Public Benefit of Lima) to support and raise money for a hospital in 
Lima through the lease of the estate. In 1928, President Leguía expropriated the hacienda 
due to renters defaulting on payments, but after the military coup that replaced him, the 
hacienda was put back under control of the Beneficencia Pública de Huaraz (Holmberg, 
1959).  
The area of the estate that was cultivated and had settlements on it was 
approximately 1,540 ha, while the vast majority was considered “uninhabited wasteland” 
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with 2,711 ha designated as pasture (Alers, 1965). Surrounding the lands of the Vicos 
hacienda was the indigenous community of Recuayhuanca to the north. According to 
Mangin (1954), the comunidad indigena of Recuayhuanca was atypical and reportedly 
lacked communal aspects that were more prevalent in other communities. His assertion 
was that Recauyhuanca operated more as a community of small private landowners that 
had numerous land disputes rather than an indigenous community (Mangin, 1954). 
Huapra and Copa were other haciendas bordering Vicos that had been owned by one 
family since Colonial times. The hacienda of Huapra and Copa were known to have 
patrons that were abusive and an indigenous population that were frustrated with these 
abuses. 
The population of Vicos according to a census enumerated by the Cornell-Peru 
project in 1951 had 1,761 monolingual Quechua people within 361 families (Holmberg, 
1955). Out of the 361 families, only 252 were registered as peons on the hacienda. By 
1963, the population increased to 2,102 people (Alers, 1964). Vicosinos registered 
officially as a Campesino Community (CC) on February 25, 1974. In 2002, the 
population of the CC of Vicos was 5,500 people in 990 families (Urpichallay, 2002).  
At the beginning of the Vicos Experiment in 1951, the population was in a forced 
labor condition of peonage, whereby each peon was obligated to work three days a week 
for the hacienda. The majority of men worked in the hacienda fields on Monday, 
Tuesday, and Wednesday for 7.5 hours with short breaks. The hacienda fields produced 
wheat, barley, oca, flax, corn, potatoes, and beans. Ten men worked in the hacienda 
vegetable garden, or guarding the hacienda house, seven men supervised irrigation, and 
three men guarded the upper valley and cattle. The guard position of tapacos, or 
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house/field servants, also known as yanaconaje, was common at most haciendas 
(Mangin, 1955; Fried, 1962). Unmarried or widowed women were placed to work in the 
hacienda house or caring for animals. Every male peon had to work as a mulero by 
readying horses for the patron. In return for the duties of peonage, each person was 
granted usufruct rights to land with the right to keep the land as inheritance. The time not 
spent in servitude was often spent working on personal fields. A few Vicosinos extended 
their landholdings by trading, renting, or buying land. A few noteworthy families had 
over 120 hectares within their holdings while the majority had 1 hectare or less. 
Vicosinos were also able to keep cattle in the upper valleys of the Estate holdings in the 
Quebrada Honda, but had to offer the use of the animal to the estate whenever necessary. 
In 1950 almost all Vicos families owned at least one cow and a few pigs, chickens, sheep, 
and guinea pigs (Mangin, 1954). 
The project officially started in 1952 when Holmberg acquired the lease from the 
Santa Corporation for the Vicos Hacienda. This meant that Holmberg, an anthropological 
researcher, became the patron of the hacienda. As stated by Holmberg (23: 1964) the 
researchers were both “agents and students of change” as they undertook participant 
observation and intervention to exert control over the subjects and variables. The primary 
goal of the project was to set in motion the transition of the Vicos Campesino 
Community from serfs to communal owners of the hacienda lands (Holmberg, 1959). It 
was assumed that the primary manner to achieve this goal was to have the community 
own the land and make it productive enough to support the population. In addition, the 
secondary goal of the project was to demonstrate that the indigenous population of the 
Sierra could be integrated independently into national society.  
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The second objective required formal education to teach Spanish (as only 20 
Vicosinos spoke the language) and a goal of the education was to get men to enlist for 
military service. The reason for the latter objective was to facilitate out-migration and 
opportunities away from Vicos within branches of society that allegedly promote strong 
decision-making skills and upward mobility (Vásquez, 1963). A major component of 
applied change was developing a decision-making structure that would facilitate 
governance for the entire community and for the lands of the hacienda (Fried, 1962). This 
meant revising the previous top down pattern of patron-peon decision-making and 
reinventing social customs that had been in place 400 years prior with the arrival of the 
Spanish. Thirteen American Peace Corps volunteers arrived to Vicos to work with 24 
Peruvian administrators from the Peruvian National Plan for Integrating the Aboriginal 
Population (PNIPA) (Mankiewicz, 1966).  
The goal of the Cornell-Peru project was to have the Vicosinos purchase the land 
and gain titles. In order to raise money to purchase the land and ensure that it would 
continue to be an economically viable decision, the Anthropologists determined that the 
Vicosinos needed to have the land of the hacienda become a productive enterprise 
(Holmberg, 1964). Initial baseline data from the hacienda indicated that potatoes were 
produced for the hacienda. However, on the small subsistence plots kept by the peons, the 
most common crop was maize. Maize was the main crop on the Vicosinos personal land 
because it was a year-round staple in the diet (Holmberg, 1959). Older Vicosinos 
recounted to me that prior to the Cornell-Peru Project, the potato seed stock was 
decimated from blight and it was too risky to try to grow them on the small plots of land 
they were allotted. Guano from the coast was used on the crops as fertilizer, as well as 
 115 
dung from animals. Also, traditional knowledge for erosion control and maintenance of 
cultivar stock had declined over time. The Cornell-Peru Project initiated a modernization 
of agriculture via Green Revolution methods and techniques (Lynch, 1982). High input 
and different seeds were introduced. Loans and agrarian assistance established through 
the auspices of the Cornell-Peru Project assisted with the purchase of the costly chemical 
fertilizers and the new potato stock. Eventually the high yield, high input potato crops as 
introduced by the Cornell project, produced surplus production that was sold in Lima 
markets. However, the dependence on the high yielding varieties-high input crops and 
agrarian assistance would prove not to be sustainable for the long run. 
Assisting the Vicosinos in their endeavors of agriculture, healthcare, education, 
and artisan craft production were not only the Cornell researchers, but also a cadre of 
American Peace Corps Volunteers. The volunteers played an important role in the social 
development of the community but also experienced friction. The friction intensified to a 
boiling point in 1964. The Vicos community leaders decided through a unanimous vote to 
expel the volunteers and they were removed from their posts and reassigned outside to 
other regions around Peru. Eventually, a few were asked to return, but the relationship of 
trust between the foreigners and the Peace Corps Volunteers was strained (Mankiewicz, 
1966).  
Despite numerous setbacks, political and economic, the Vicosinos eventually 
became independent from hacienda rule and patronage in July 1962. The Vicosinos were 
the first Campesino community in Peru to buy their land and themselves out of peonage. 
However, with Agrarian Reform only seven years after that date the rest of the Peruvian 
populace were released from servitude without having to be manipulated into paying for 
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it. The direct sale of the hacienda to the Vicosinos for S/ 2,000,000 ($74,626) was to be 
paid in installments over a period of a loan (Dobyns et al., 1964). Between the ten years 
of the project from 1952 to 1962, Vicos and the Cornell-Peru Project had to confront 
numerous social and political barriers. In fact, in 1961 the Prime Minister of Peru (Pedro 
Beltran) admitted to the USA that the sale of Vicos would never be approved because of 
the precedent it would set for agrarian reform (Holmberg, 1971). The conflicts and 
challenges of change documented by the Cornell-Peru Project reflected the tensions and 
the growing unrest in land use and land tenure. In addition, the methods used by foreign 
researchers to manipulate the process for their own agendas would be considered highly 
unethical by today’s research standards.  
1969 Agrarian Reform 
According to Carroll (1970), 89.8% of all farmland in Peru was owned and 
controlled by 4.1% of the farms. As described above, the land and resources in Ancash 
were concentrated into the hands of approximately 30 families. The tensions surrounding 
social justice and equity were violent as demonstrated by land invasions and hostilities 
(Brown, 1997). The first laws of agrarian reform were proposed in 1962 and adopted in 
1964 by President Belaúnde for state lands. However, steps were not directly taken for 
land expropriation from private owners and the reform stalled. Belaúnde was ousted by 
the military dictatorship of President Velasco (1968-1975), who immediately acted to 
initiate expropriation and agrarian reform on June 24, 1969. Rapid measures were taken 
in 1969 by this dictator for action on a national scale to begin the expropriation of lands 
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out of the latifundia system and to begin the reallocation of land into a varied tenure 
system.  
The 1969 agrarian reform law (Decree Law 17716) adjudicated land into different 
production units. Land holdings larger than 30 hectares that had access to irrigation or 
were natural grasslands were expropriated from the hacienda owners, and valorization 
was determined by a fiscal declaration (163-69-AP, 1969). An estimated payment was 
made to the landholders to recoup the cost of their land and resources. De Janvry (1981) 
classified the agrarian reform in Peru as a transition from a Capitalist Semifeudal system 
to a Capitalist Estate dominated by the landed elite as a way to “satisfy peasants’ clamors 
for land” rather than emphasize increased social justice and agricultural production. The 
expropriated land was divided up into different production units, known as Sociedades 
Agricolas de Interes Social (SAIS – Agricultural Societies of Social Interest), Agrarian 
Cooperatives of Production (CAP), Campesino Communities (CC), Campesino Groups 
(CG), and small holders. The distinction between a CC and a CG was that a CC had 
formally registered the community and lands according to the legislation from the 1920s. 
Campesino Communities are defined as groups of families that have a tenure system 
linked to both communal and private holdings, which focus on the social importance of 
reciprocity and rely upon mutual support in work exchanges and administrative duties 
(Mayer, 1974). Areas within a campesino community are parceled up according to a main 
community and annexes (anexos) based upon ayllus, endogamous kinship groups tied to 
land, that may be dispersed parcels and for which some are governed collectively. Access 
to land in Campesino Communities is based upon familial-kinship lines but not always 
collective; individual families can determine if parcels of land are bought, sold, or 
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bartered. However, the rights of use to pasture land are usually governed as collective 
property, and in many communities, there are communal agricultural fields to provide 
food to widows, the elderly, and others within the community (Mayer, 2002). Prior to 
agrarian reform in 1969, there were a total of 122 Campesino communities in Ancash that 
were officially registered (Figure 4.6). Of these, the Bolognesi Province had the most 
with 29 officially registered CC with the earliest comunidad registered in 1928. The 
Provinces of Asuncion, Antonio Raymondi, and Carlos Fitzcarraldo in the Callejón de 
Conchucos, a fairly isolated and remote area, did not have any registered communities at 
the time of Agrarian Reform. In fact, campesino communities in these provinces were not 
legally formalized until the late 1980s and early 1990s.  
The two other agrarian reform associations were SAISs and CAPs. These were a 
form of collective business partnerships that were created by the families that lived and 
worked on mostly livestock ranch haciendas. According to Caballero (1977), 76% of all 
adjudicated lands in Peru were put into CAPs and SAISs, also referred to as Associate 
Enterprises. The CAPs and SAISs were a way to centralize decision-making and the  
production of smallholders based upon Marxist principles. Members of a SAIS or a CAP 
earned a wage for labor and the opportunity to seek jobs outside of the SAIS, while still 
maintaining their rights to the land (Montoya and Gorman, 1978). The management of 
the SAIS or CAP usually was from the top down and was maintained by an Ingeniero 
(engineer), trained in agronomy and hired by the Ministry of Agriculture (Camacho, 
personal communication, 2002). 
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Figure 4.6: Campesino Communities that formally organized in Ancash prior to Agrarian 
Reform as a percent of the 2001 existing total.  
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On numerous occasions, informants that were interviewed for this research 
described the problems associated with the SAIS land arrangement. Comments revealed 
that certain members of the SAIS did not provide any labor to the collective enterprise 
and worked only on their own land for subsistence. This lack of participation resulted in 
the need for the SAIS to hire external labor or reduce production in order to function 
profitably. In other locations where this type of land reform occurred, such as in China 
and Russia, these systems were abandoned due to the lack of integration from the bottom-
up. 
According to interviews with informants that were old enough to recall conditions 
prior to agrarian reform, perspectives on life prior to reform ranged from very negative to 
neutral, depending upon their personal circumstances and the patron. One 52-year-old 
woman from the Province of Huari, District of Huari described the following situation: 
…the administrator was very mean. He would hit us [women] and the young girls 
if we were in our own field. Life is better now. Things are better with our own 
lands and gardens. 
 
There was one other testimonial of abuse; however, the comments tended to focus 
on the practice of everyday life during peonage and the perceived feelings of 
improvement following agrarian reform. A 58-year-old gentleman from Caranca in the 
District of Santa Cruz, Huaylas Province commented: 
All of my family worked as peones. I worked on the hacienda tending to cattle 
and sheep and clearing irrigation canals. To be a peon was what we knew. We did 
not know what it would be like if it were not that way. We had a feeling it would 
be better. We have our land now because of Velasco. 
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The outcomes of agrarian reform were also contingent on whether people were 
formally organized as a Comunidad Campesina prior to the date of agrarian reform. For 
instance, a member of the Catac community born in 1947 (Catac District, Recuay 
Province) commented on how the agrarian reform had a negative impact on their 
community. The reasons for this are linked to a 1946 resolution that was granted to the 
Campesino community of Catac. The agrarian reform did not provide legal title to lands 
that according to informants originally pertained to community members: 
We did not have land to raise our pigs, we were poor. These [the lands] were in 
the power of the Hacendados. The Caceres, Castro, and Ramirez Families. We 
struggled to get title to our communal lands until 1971…we were given 40,000 
hectares…lands were left out and became part of the SAIS Atusparia. These were 
the grasslands of better quality. As Cataquinos, we did not want to be part of the 
SAIS but we wanted our land. We had to struggle against the SAIS and the State 
because of agrarian reform. The reform did not help us. 
 
The statement above demonstrates the cultural identity associated with both land and the 
struggles to maintain and obtain access to it prior to, during, and after agrarian reform. 
The process of agrarian reform initiated in 1969 with Velasco was one manner in which 
the people of Ancash could articulate and defend their rights and identity associated with 
the land. Velasco’s regime nationalized industries and land resources while committing 
authoritarian abuses and corrupt practices. The process of agrarian reform had a major 
impact on the rural population of Ancash and in all of Peru. It facilitated an aperture for 
both legal successes and failures of government and military administrations to address 
issues of land tenure, social justice, and land use.  
 Agrarian reform resulted in many challenges to diverse communities in the 
Andes. In many respects, agrarian reform modified the traditional forms of communal 
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governance of land and resources by reforming communities into a commercial 
enterprise. Additionally, communities were not allocated land or provided with training 
that would suffice for integration into the national commercial markets (Mejia, 1977). 
The initial patterns put in place prior and during agrarian reform set the tone for how 
individuals and communities reacted to the State’s decision to establish the boundaries of 
Huascaran National Park. 
The 1970 Yungay Earthquake and Avalanche 
Peru experienced a devastating natural disaster on May 31, 1970. The region most 
affected was the Callejón de Huaylas and communities on the western edge of Mt. 
Huascaran, in the Cordillera Blanca. A 7.7 magnitude Richter-scale earthquake occurred 
off the coast and dislodged ice from Mt. Huascaran. A massive aluvión of approximately 
25 million m3 of ice, rock, and mud descended from 6,300 m at a velocity of 217-435 
kilometers per hour and covered everything within its path including 10 villages and the 
city of Yungay, before breaking into three separate lobes to reach the Santa River within 
4 minutes (Lliboutry et al., 1977; Oliver-Smith, 1977). There were 300 local survivors. 
The earthquake and the mudflow killed approximately 70,000 people in Peru, with 
18,000 in the city of Yungay, and left perhaps 500,000 homeless. Bode (1989) and 
Oliver-Smith (1977) provide first-hand accounts of the conditions and consequences 
directly after the event.   
The region and the entire country were greatly affected by this event. The 
Callejón de Conchucos to the east was almost entirely cut off due to landslides and debris 
that blocked roads. The capital of the Province of Yungay, once a population of 41,000 
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was relocated to the north where refugee camps were set up. An in-country Peace Corps 
volunteer/architect Steve Bender, who had been placed on the coast, designed an igloo-
like earthquake proof house that could be constructed rapidly and 24 other volunteers 
were dispatched to assist in the relief efforts (Bender, personal communication, 2006). 
An immediate concern was trying to get people relocated because temperatures were 
dropping at night and people required access to fresh water. Roads were cut off and 
supplies needed to be airdropped, although this was carried out haphazardly (Bender, 
personal communication, 2006). Within five months of the devastation, many people 
moved to the coast, while others chose to gradually begin to move back to their 
communities at higher elevations. Reconstruction efforts focused primarily on getting 
irrigation systems and canals built to ensure that crops and economic productivity for the 
season could be maintained (Congor, 1970; Oliver-Smith, 1977).  
The majority of the informants interviewed could recall the earthquake and the 
years after the earthquake. Of the 117 informants, 74 of them were old enough to 
remember the event directly. In an interview with a 41-year-old man to the west of the 
entrance of the Quilcayhuanca Valley, he recalled the experience in the following 
manner:  
…the sound was loud. I was next to my older brother and he grabbed me and we 
were on the ground. Boulders were falling and those [eucalyptus] trees looked 
like the tops were touching the ground and bending in half. Right after, the sky 
was dark brown, I could not breathe, and it was quiet. We were too scared and 
nervous to move. 
 
 124 
Descriptions of the rolling ground, shaking and crashing sound produced were quite 
common from informants. A man from the community of Huiyash (Carhuaz Province, 
Marcará District) noted the following; 
“The walls of the [Quebrada Honda] valley touched. The tops touched each other; 
rocks cracked off the top, and then went back. The valley was closing.” 
 
Expressing the ability of mountain valleys as having an animate power to open 
and close was described by four other informants at different sites around the Callejón de 
Huaylas. Informants from the Callejón de Conchucos described the quake in simpler 
terms and articulated the damages following the disaster, such as mudslides, roads 
blocked, and irrigation canals ruptured, rather than the actual earthquake.  
Following the event, informants commented on the fear associated with entering 
into the valleys. This was emphasized by informants’ expressions of the mountains 
closing in on them, but also from a fear of rivers and lakes flooding and burying people. 
The word “nerviosa” (nervous) was used by 42% of the informants that recalled the 
event. Fear of mudflows and the river system were also common on the eastern Callejón 
de Huaylas. This was made even more apparent to me when a farmer questioned my 
choice of campsite in the Ranracancha Valley, close to the river, “No tienes temor?” (Are 
you not afraid?). In the Quebrada Honda, a thick dark mud and water flow emanated 
from the glacial lakes at the headwalls of the Valley. Informants recounted this as 
follows: 
When we returned into the valley we were nervous and saw a thick black mud 
covered the ground. It was very, very hard and black and turned into rock. To use 
the land we had to break it apart but it was a lot of work. We worked as a 
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community to break it apart but now the mud/rock forms the walls of our corrals 
and divides our fields.  
 
The impacts of the earthquake and devastation to the agricultural region of 
Ancash had resulted in massive displacement for the rural and urban populations. Within 
a year of the earthquake, 2,000 families from the upper elevations moved into cities and 
into the refugee camp of Yungay Norte that was established (Oliver-Smith, 1977). Even 
more families from Huaraz and Yungay Province moved to Lima to recover and settle. 
Carey (2005) eloquently writes about the political and social challenges surrounding the 
debate on relocation and/or rebuilding following the natural disasters in the Cordillera 
Blanca. Over 20 km2 of area was buried in the mudflow from Mt. Huascaran and was 
declared as public domain with a temporary moratorium placed on any efforts to reclaim 
land by the population. In part, this had to do with the need to examine the surrounding 
glacial lakes for security concerns (Carey, 2005b), but mostly factored into the on-going 
plans and goals of agrarian reform announced by the Velasco Regime (Bode, 1989).  
The capital of the Department of Ancash, Huaraz, was 90% devastated and 
required extensive reconstruction. Rural people sought not only refuge in the cities from a 
fear of the event occurring again, but also found work in construction, rebuilding of 
infrastructure or maintenance of roads (Masa, personal communication, 2002). In 
addition, some shelter, food, and goods were offered to people in the post-disaster period. 
Roads were made into the highland valleys to drive equipment and laborers up to 
examine and to lower the levels of glacial lakes. The presence of new roads established 
areas where people decided to live and settle as families moved next to transit routes 
(Oliver-Smith, 1977; Carey, 2005b). The magnitude of the disturbance event of the 
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earthquake had a lasting impact on livelihoods in Ancash. It increased rural and urban 
networks, migration, and altered livelihoods and land use patterns.  
Establishing Boundaries for the National Park 
Prior to the earthquake and mudslide of 1970, Ancash and the Callejón de 
Huaylas were considered a national tourist destination. Peru generated $33,500,000 (US) 
from tourism revenues in 1966 (Brodsky and Oser, 1968). Tourism to Ancash from 
Peruvian Nationals and foreigners was common because of proximity to Lima via a dirt 
road and an opportunity to visit the archaeological site of Chavín. The Cornell-Peru 
project also initiated a wave of tourism as people from all over the world arrived to the 
valley. The importance of tourism to the region was a main justification used by local 
inhabitants for not relocating the new city of Yungay to a safer location 15 km away 
following the 1970 disaster (Oliver-Smith, 1977). The desire to retain the land as the city 
of Yungay was expressed passionately by many Yungainos and in a manner that honored 
the sacred landscape that was consumed in the landslide. For example, at a meeting to 
discuss relocation, a local teacher announced: 
“We are the true children of the Province of Yungay and the children will not 
abandon their mother. We ought to defend our land. (Caballero Mendez, 2001)” 
 
The post-earthquake goals of reconstruction for the region included the 
integration of tourism development within the Callejón de Huaylas. Tourism to the valley 
was facilitated by a newly paved road from Lima to Huaraz and an infrastructure of 
hotels and support for the multitude of international relief workers that arrived post-
earthquake (Valenzuela, personal communication, 2002). 
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The idea of developing a national park and increasing tourism to Mt. Huascaran 
and the glacial lakes of Llanganuco was first proposed in 1960 by Dr. Artemio Figueroa 
Angels, a medical doctor from Yungay, and Ancash Senator Augusto Guzmán Robles. 
Therefore, the first proposal for a national park in Peru was a local initiative that was 
presented and sustained as a law before Congress on December 10, 1960. As written, the 
plan was to include 34,000 ha of the Llanganuco, Ulta, and Santa Cruz valleys and stated 
that the city of Yungay would become the seat of tourism for Ancash (Caballero Mendez, 
2001). Despite Cutervo becoming a National Park in 1961, national goals for additional 
protected areas were halted due to political upheaval in the mid-1960s. Early 
environmental legislation was passed in 1966 to curb the use of Queñual trees (Polylepis 
sp.) and other forest resources in the Cordillera Blanca and to deter the hunting of vicuna, 
deer, and bear (Barker, 1980).  
A second proposal for a protected area in the Cordillera Blanca was put forth by 
American Peace Corps Volunteers, one of whom was John Curry Slaymaker. Slaymaker, 
born in Oregon in 1943 with a background of skiing and mountaineering, was posted to 
the Callejón de Huaylas in 1967 to work on forestry and reforestation (Johns, 1977). 
Slaymaker developed a concept plan “The National Park Project” that proposed the 
inclusion of 85,000 ha of land, from Quebrada Ulta to Quebrada Santa Cruz, for 
delimitation as a National Park. The project concentrated on conserving woodland 
patches in these zones and supported tourism as an economic development opportunity. 
However, as agrarian reform got underway, Slaymaker’s assigned Peace Corps duties 
focused more on the government’s goals of land expropriation working in conjunction 
with the Ministry of Agriculture (Champa, personal communication, 2002). Slaymaker 
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returned to the United States between 1969 and 1971, but later moved back to Peru in 
early 1972 to visit friends and see the area following the earthquake. It was at this same 
time that the Peruvian Ministry of Agriculture began the process of agrarian reform with 
expropriation of lands from Hacienda owners and claiming portions of the Cordillera 
Blanca region as state property; thus, putting in motion the steps of formalizing a plan 
that was a local initiative of creating a National Park in and around Mt. Huascaran. 
The 1970 Earthquake created an organization eventually known as ORDEZA 
(Regional Organization for the Development of the Affected Zone) to assist with the 
reconstruction and redevelopment of the area following the landslide. The Peruvian 
government allocated $70,000 to ORDEZA for the National Park Project stipulated funds 
associated with reconstruction (Slaymaker and Rourke, 1974). In March of 1973, in 
conjunction with the land expropriation and resettlement project, Slaymaker was 
appointed director for the Huascaran National Park Project with the Peruvian Ministry of 
Agriculture. In February 1974, Slaymaker coordinated with Michael J. Rourke, another 
ex-Peace Corps volunteer working as a physical-education teacher with the Benedictine 
Fathers at the Monasterio de San Benito in Los Pinos, a community in the Callejón de 
Huaylas. They were hired to promote and revise the Huascaran National Park proposal in 
light of the 1969 agrarian reform. Their main agenda was to establish the boundaries of 
the park and work with the Ministry of Agriculture on properly valorizing and 
expropriating land. The team met with resistance in 1974 when President Velasco in a fit 
of dictatorial rage and posturing during a press conference ordered 137 Peace Corps 
volunteers to leave the country. Receiving letters of dismissal from their post at the 
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Ministry of Agriculture, Rourke and Slaymaker appealed their position and were 
reassigned in April 1975 (Rourke, 1976). 
Geographer Lorenzo Champa Verastegui, from Huancayo, graduated in 1970 
from the Universidad Nacional Agraria La Molina in Lima and went to work in Lima for 
the Ministry of Agriculture for the Agricultural Reform. He was reassigned in 1974 to 
Huaraz to join Slaymaker and Rourke on the Huascaran National Park project, where he 
continues to work. Upon his arrival to Huaraz, he was one of two Geographers working 
on air photo interpretation for reforestation and land reform, but eventually he worked 
with Slaymaker and Rourke to establish the boundaries for the National Park. As 
described by Champa: 
The Agrarian Reform came. It is important to remember that after the earthquake, 
many people from the city moved to Lima or the coast and the others came down 
from the puna and moved into the city. Many came down and decided to get 
houses here. However, after a few years many people from the puna went back 
out to claim land with the agrarian reform. The hacienda lands were each mapped. 
The land was determined to be affected by the agrarian reform, the land was 
expropriated by the state, and they [hacienda owners] were then paid for the land 
that was not being used by the campesinos. We valorized the worth of the cars, 
the house, the fields, and the grasslands, the cows, and then later the owners were 
paid for it. They were paid for their expropriated land. Then, the paid people were 
given Avisos from the Ministry of Agriculture and the campesinos that wanted to 
stay, stayed there free…gifted lands, and formed their campesino community. 
 
Identifying the actual park boundary involved delimiting specific coordinates on 
the ground and setting up physical boundaries for the 340,000 ha that were determined 
point by point on maps and air photos (Champa, personal communication, 2002). The 
previously owned hacienda lands that eventually became part of the National Park 
included territories that were in the highland valleys, the glacial lakes, the areas of 
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highland pasture, and the full length of the Cordillera Blanca mountain range. The 
boundary for the park is stated to exist at roughly the 4,000 m elevation line. However, 
along many portions of the park this boundary actually extends lower than this and 
reduces lands that are viable for agricultural production. In the southern section of the 
park, this boundary was said to be set at a higher elevation (approximately 4,300 m) 
because land at 4,000 m is used by communities for grazing and is not agriculturally 
productive. Reasons for this elevation of the park boundary were described as the “top 
limit of crop production” and considered the “least productive land available” (Champa, 
personal communication). As the boundaries were set out, the land that fell outside of the 
park boundaries was valorized for the hacienda owners and parceled into Comunidad 
Campesinas, CGs, SAISs, or CAPs. After 1974, new institutions such as comunidad 
campesinas or SAISs were created as a result of the agrarian reform and the 
establishment of the National Park (Figure 4.7, Champa, personal communication, 2002).  
Champa and another colleague were assigned in 1974 to travel to different areas 
around the park boundary and explain to people that lands beyond a certain point were 
going to be included in the territory of the National Park. As he explained: 
People met the idea of the park with resistance, resistance. I remember the first 
time I went out to the Zone of Conchucos with a colleague, we went out to the 
land, to examine the land for where exactly to put the boundaries and talk to the 
people about the edges of the park. And then later we would paint signs that said 
this was the edge of the park. The communities would come out and say, ‘What 
are you doing out here?,’ ‘To put the park in,’ is what we said. ‘For what is a 
Park?’ ‘For all of us in general is the Park,’ we said. We would describe that the 
land was going to be used as a park, ‘for the conservation of the flora and fauna as 
a park for Peru.’ It was difficult. They would say, ‘What park? These lands are for 
us. How can you take them away? We live on these lands.’ They did not want to 
accept it. They still do not accept it and legally, they were very resistant and still 
are. 
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It is evident that there are a number of hostilities that are still directed at park 
officials as they enter a number of communities on the periphery of the park. Local 
inhabitants threw rocks and other objects at Champa as he and a team entered the Ishinca 
valley in 2002. Four other field technical staff noted this type of reaction to their presence 
in other regions of the park. There were 82 markers established on maps determining the 
park border. At the boundary between the new parkland and private or community lands, 
Champa required a formal legal agreement to be signed by the neighboring parties, which 
recognized the new designation. According to an informant from the community of 
Llupa, the designation of park boundaries were not announced to his community. There 
were 17 other informants that commented that they had not officially been told about the 
designation of lands for the park. Three older informants from the community of Huari 
located on the eastern periphery of the Cordillera Blanca, identified the park boundary as 
residing only upon the western slopes of the Cordillera Blanca. These individuals were 
adamant that the boundaries for the National Park did not exist on the eastern slopes of 
the Cordillera Blanca.   
The formal agreement for the park stated that beyond the assigned border the 
property pertains to the State of Peru as Huascaran National Park and that in accordance 
with the law former community communal grazing lands were made “communal” for all 
Peruvians. The agreement was to be signed by all people that had title to their land or 
Small Land Owners (Pequenos propetarios). It also was to be signed by individuals that 
did not have a land title but had an acta or paperwork that would grant title upon 
inheritance, also by Small Land Possessors (Pequenos Posesionarios), Comunidades 
Campesinas, and newly formed Comunidades. However, as of 2004, the signatures and 
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legal agreements had only been acquired for 65% of the park, resulting in over one-third 
of the park territory without formal legal recognition by neighboring communities or 
property owners. In fact, during the interview with Champa he reported how he had 
recently visited a community to have some papers signed and had stones thrown at the 
truck and at himself when he got out of the vehicle. In addition to this overt act of 
resistance, the refusal to sign documents that would legally bind the community to an 
agreement with the National Park is another more subtle demonstration of indigenous 
resistance.  
The official designation and creation of Huascaran National Park took place on 
July 1st, 1975 (Decreto Supremo No. 0622-75-AG). At the outset, the Supreme Decree 
law stated the need to establish a National Park in the Cordillera Blanca for conservation 
of the varied ecosystems for the patrimony of the State and that tourism would be 
permitted in the zone to benefit the local population. When the park was created, a 
proviso was included which stated the regulations for land use internal to the boundaries 
of the National Park: 
Farmers, ranchers, and Campesino Communities in legal possession of the area at 
the date of this legislation, will be able to continue their habitual farming 
activities, without destroying the natural landscape and with the absolute 
prohibition of the cutting or collection of tree and shrub vegetation, burning of 
pastures, over-grazing, hunting and/or capturing of wildlife species 
(D.S 0622-75-AG). 
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Figure 4.7: Map of tenure arrangements inside park boundary - SAIS, Comunidades Campesinas, private property 
owners, Fundos, and other patterns of land tenure internal to the boundary of Huascaran National Park. Map 
created in 1984 by PNH and reprinted with permission by Champa. 
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The earlier legislation from 1966 had prohibited the cutting of forest resources, 
burning of grasslands, and hunting privileges. As related by Champa, the park boundaries 
were established with the assumption that the population would reduce their dependence 
upon livestock grazing in upper elevations and gradually become a part of the cash-
tourism economy. It was also acknowledged that a few pastures might be used for 
communal grazing of “alpaca and llama” herds, many that were not present in the zone 
because of dominance of cattle and sheep. Hacienda owners had owned herds of cattle 
and sheep that were being sold off as part of the agrarian reform (Champa, personal 
communication, 2003). It was not until the late 1970s and early 1980s that sheep, cattle, 
and goats were allowed onto park grasslands to graze in the highland pastures. However, 
as noted by Barker (17: 1980) in 1977 the decision was made to maintain highland 
pastures for grazing “on an experimental basis” because according to her sources “the 
animals do not directly compete with the vicuña that were protected within the guidelines 
of the National Park.” 
At the time of formation of the park in 1975, there were approximately 41 
families that were living inside the park boundary. There were 83 Campesino 
communities or cooperative properties and eight private owners that signed the 
agreements on both the eastern and western periphery of the park (Barker, 1980). 
According to the original documents from the formation of the park, there were only 
three campesino communities that had title to the land at the time of delimitation: Vicos, 
Aquia, and Chiquian (Champa, personal communication¸2002). These communities were 
granted the right to use their lands as desired because they had legal title to the land as a 
result of formalization of their community. These campesino communities were therefore 
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not obliged to follow the mandates for land-use as stated by the law for the new National 
Park at that time. 
There were existing mining concessions in operation and claims on lands that 
were once owned by the hacienda owners, the state, and/or other corporations for 
polymetallics. Silver, lead, gold, copper, carbon, and zinc, as well as other minerals were 
mined, and continue to be mined, interior to the park boundary. As noted by Barker 
(18:1980), the presence of the mines “did not pose much of a problem.” Gravel roads 
were put in by the mining companies that were maintained by the Ministry of 
Agriculture. As of 2001, there were 124 mining concessions in production or with a 
prospecting status within the boundaries of Huascaran National Park, as well as 
numerous small-scale artisanal mining claims by local individuals (MEM, 2001). As 
stipulated by Peruvian laws on national parks, mining concessions are illegal in parks.  
Tourism was sought as the principal manner to generate income for the population 
in the zone of influence around Huascaran National Park. Campesinos were informed that 
they would be trained as guards, porters, and guides for the park (Slaymaker and Rourke, 
1974). The North American Michael Rourke, as an administrator of Huascaran National 
Park, was also in charge of coordinating mountaineering expeditions, training, organizing 
and promoting local porters and guides (Johns, 1977). Tragically, both Rourke and 
Slaymaker died together in 1976 while attempting to summit a 5,600 m peak in Quebrada 
Paron while climbing with two other visitors (Johns, 1977).  
Huascaran was officially declared as a National Park by Supreme Decree in 1975. 
The park was later nominated and designated a UNESCO Biosphere Reserve in 1977. 
The UNESCO Man and the Biosphere Reserve program started in 1976 to assist in the 
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promotion of conservation of biodiversity and human development around core-protected 
areas. Three protected areas in Peru (Manu, Huascaran, and two parks forming the 
Biosphere Reserve of Noroeste) were added to the rapidly growing global list of 
biosphere reserves in 1977. The conditions of a Biosphere Reserve are stated to have a 
core protected area, a defined buffer zone, and an external zone of influence. Due to 
political and management issues in Huascaran National park between the years of 1977 
and the mid-1980s, the boundaries of the buffer zone and the zone of influence were not 
fully determined until the mid-1980s. The overall territory included in the National Park 
is 340,000 ha with a buffer zone that was only recently described in 2002 which 
incorporates 34 districts within 12 provinces of the Department of Ancash. 
Political Instability  
The events of agrarian reform (1969-1974), the earthquake (1970) and creation of 
Huascaran National Park (1975) prompted a movement of people in the Department of 
Ancash. Subsequently, there was a massive reorganization of community institutions. 
Families moved to the coast or to Lima following the earthquake. As a result, peons from 
previously owned haciendas and surrounding communities were configured into new 
state-organized institutions of SAISs, agricultural cooperatives, smallholders, or grupos 
campesinos. The arrangement of the post-agrarian reform institutions created artificial 
alliances amongst individuals through a top-down approach of grouping people into 
commercially-based economic associations. New alliances had a tendency to provoke 
contentious or hostile situations amongst members of the same SAIS, agricultural 
cooperative, or community because of conflicts between individuals or families. 
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Coalitions formed amongst members of the SAIS, campesino groups, or agricultural 
cooperatives. These coalitions then vied against one another for the rights to land and 
decision-making power.  
Numerous internal conflicts occurred because of the agrarian reform. However, 
there were strident efforts made by individuals and community members to secure 
agricultural assistance loans and equipment. Investment in regional development and 
infrastructure occurred in the earthquake-damaged Department of Ancash. This included 
paving the road between Lima and the Callejón de Huaylas, investing in chicken coops 
and dairy buildings, and providing assistance in the form of loans, tractors, and fertilizer 
(Silva Guzmán et al., 1991). These financial investments resulted in increased mobility of 
populations, increased mechanization, and commercial production. In an effort to 
strengthen their collective voice, obtain agrarian assistance, and issue complaints against 
certain state-mandated goals, people coalesced into organizations of agrarian leagues and 
unions. The emergence of agrarian social movements was fomented in the years 
following land reform as a social response to the formation of new agricultural 
institutions. However, social instability became even more prevalent in the years 
following agrarian reform and through the 1990s.  
Internal to the national park in the late 1970s the State’s broad economic agenda 
developed the mining industry in Peru. This facilitated new and old mining concessions 
to be bought and signed by the State for active production of mostly poly-metallics. 
Roads through the southern region of the park and across to the Callejón de Conchucos 
were made to improve access for mineral exploration and extraction of ore from sites on 
the periphery and beyond the Cordillera Blanca. Of the male informants that I spoke with 
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during the interview process, 23 mentioned working in some capacity of mining in the 
Cordillera Blanca in the 1970s and 1980s, predominantly in the southwestern region of 
the park.   
In the rural and difficult to access terrain of the Cordillera Blanca, the conflict and 
tension surrounding resources were taken advantage of by cattle rustlers and subversive 
groups. Cattle rustling, abigeato, was prevalent throughout Peru and it was very common 
in the southern reaches of the Cordillera Blanca, facilitated by the newly constructed road 
networks. Cattle from large haciendas were rounded up and taken over the mountain 
passes, mostly from the western valleys to the eastern valleys of the Callejón de 
Conchucos. The thieves, known to be violent, worked in groups to transfer the many 
heads of cattle through and over mountain passes, across the sparsely populated state-
owned national park land, and into the hands of individuals on the other side. Informants 
that were interviewed commented on the practice of abigeo and remarked how this 
practice still occurs today, but not like it did in the years following agrarian reform. In 
fact, entire villages on the southeastern slopes of the Cordillera Blanca are still described 
by others as “comunidades de abigeos” and “not to be trusted” because of their 
involvement in cattle rustling (and probably other subversive activities, although this was 
not overtly stated by informants) in the late 1970s and 1980s. Individuals that witnessed 
the rustlers described how they would sit quietly and hide out of fear:  
These were mean, bad men that would steal the cattle. I saw them pass at night 
through the Quebrada and then I stayed quiet because they have killed people for 
reporting them. They were stealing from the previous hacienda owners, from the 
communities, from individuals and they still do, various men do, even now. 
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However, another informant commented that he suspected the cattle thieves were 
hired by the ex-hacienda owners, to get their cattle and property back. The contradictions 
between these two claims demonstrate a lack of trust of both previous hacienda owners 
and fellow community members. Communities responded to the thievery by developing 
their own social justice institutions, rondas campesinas or ronderos, peasant patrols. A 
shared sense of action by the communities as an empowered community institution 
seeking justice developed, instead of trusting or relying upon external/governmental 
support, characterized the patrols. In an interview with a 44-year-old gentleman from the 
Campesino Community of Aquia: 
I became a rondero when I was 20, after I returned to my family from the army. 
They had 6 cows and 1 bull that were stolen in a year….we would take turns at 
night as a group watching from different areas in the valley in the other anexo to 
see if they [the cattle thieves] were coming and then we would stop them with 
shotguns and they would run… 
 
The Rondas formed as a community-based institution that felt empowered to 
enact and enforce their own civil governance when other forms of social and legal justice 
were either unavailable, corrupt or inadequate. The Rondas provided a sense of security 
and control over conflicts that were occurring in isolated and remote areas of Ancash, 
which brought forth a level of commitment from community members to act together.  
The Rondas are not unique to Ancash and in fact, their presence became more 
dominant in many areas of Peru with the rise of terrorism from the Shining Path. Starn 
(1995) provides an excellent account of the role of rondas campesinas in Peru and the 
connection with peasant revolution. The Rondas are still active today in some areas of the 
Cordillera Blanca and resolve disputes within and between communities, families, and 
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even domestic issues among couples. Employees of Huascaran National Park remarked 
that Ronderos are known to facilitate community involvement in meetings by alerting 
members of the community to attend and participate.  
The period from 1975-1980 was punctuated by heightened insecurity in rural 
areas of Peru. The banditry from cattle rustlers and thieves promoted distrust amongst 
community members from neighboring properties. Farmers experienced economic 
pressure and stress due to a decline in agricultural production in 1978, and again in 1979, 
as a long drought affected the region. These pressures were compounded as Peru entered 
into a long economic recession and the price of fertilizer increased to record levels in 
1982, becoming cost-prohibitive to many smallholders (McClintock, 1984).  
The social insecurity and livelihood struggles faced by many rural highland 
inhabitants created spaces for subversive revolutionaries to gain, albeit by force, a 
foothold. The Shining Path (Sendero Luminoso) extended their territory from their roots 
in Ayacucho to rural regions of North Central and Southern Peru and into the urban area 
of Lima. The Shining Path made their way into the remote Huallaga and Ene River 
valleys and established themselves as a prominent group in a region dominated by coca 
agricultural production. In the remote areas of the Callejón de Conchucos and into the 
south-eastern Provinces of Ancash including the territory of Huascaran National Park, 
emissaries from the organization the Shining Path were sent to live and promote the 
ideology of the radical Maoist-oriented teachings of Abimáel Guzmán. As described by 
McClintock (51:1984), Senderista militants were sent out to live in rural communities, 
often as schoolteachers, where they learned how to speak Quechua, married into 
communities, and sought converts to their cause. McClintock characterized Sendero as a 
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“radical peasant movement” and “agrarian revolt;” however, the roots of the movement 
started with University and middle-class intellectuals and spread outwards to the 
populace (McClintock, 1984; Bourque and Warren, 1989; Starn, 1991). The eventual rise 
in Shining Path terrorist attacks in urban areas and throughout rural villages in Peru were 
sustained throughout the early 1990s. 
The geographic location of the Department of Ancash was strategically important 
to Senderistas. The organization positioned their operations in the coca-growing region 
around the city of Tingo Maria in the Department of Huanuco, which borders on the west 
with Ancash. The somewhat-remote area of Tingo Maria is accessible via a road that cuts 
through the Callejón de Huaylas and around the southern route of Huascaran National 
Park. The transfer of coca and weapons passed through and around the northern and 
southern borders of the National Park; areas that were sparsely populated. The terrorist 
activities had escalated so dramatically by late 1984, that the entire Department of 
Huanuco and the region of the Upper Huallaga valley in the Department of San Martin 
were declared in a State of Emergency, which means that local people had no rights 
(Kent, 1993). In 1988 – 1990, the Central portion of the Department of Ancash was 
considered in a State of Emergency, as well (Kent, 1993). Starn (1995) provides an 
analysis of the manner in which civil society throughout Peru reacted while enduring the 
actions of the Shining Path. Communities in the Department of Ancash, particularly in 
the Callejón de Conchucos and in the Southern Provinces of Bolognesi were greatly 
impacted by the violent actions of the growing numbers of Senderistas (Mejia, personal 
communication, 2003). 
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During interviews, informants remarked on the actions by the guerrillas in remote 
communities as violent, frightening, and disruptive. Testimonies by my informants in 
Ancash that witnessed and were affected by the Shining Path detailed the harsh realities 
of that difficult time. The extremists were prone to murdering entire families, leaders, or 
individuals within a community at night and then leaving their victims’ bodies in the 
plaza for all to see in the morning. According to an interview with a man from a 
community from the Province of Bolognesi, the murders were indiscriminate. Entire 
communities were forced to witness attacks and to live in fear of the random actions of 
the terrorists. However, it was also documented and commented on by a few informants 
that they did not know who was behind the attacks: the Shining Path or the Peruvian 
military. The rural areas were mostly afflicted; however, the urban areas in both 
Callejóns experienced apagadas (black-outs), violent attacks, and disappearances of 
individuals. Ronderos assigned themselves the role of securing communities. In a number 
of rural locations, young men were either elected or volunteered to “protect until the 
death” their towns and communities (Vergara Espiritu, personal communication, 2002). 
Assigned to night watches or stakeouts in the hillside, the ronderos set up a networks to 
help protect rural Ancash. Many people tried to sustain their livelihoods in one manner or 
another while navigating through a pervasive sense of fear, mistrust, and loss. Men that 
were involved in the ronderos described how they would continue to cultivate their crops 
of wheat, maize, potatoes, and beans, raise cattle and sheep in the day, but in the night, 
they would be posted as civil watch guards. The Peruvian police coordinated with the 
Peasant Patrol groups in Ancash, (which in 1991, numbered around 48) dispersed 
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throughout the interior of the Department, to help manage the increased uprisings and 
instability (Cueva, personal communication, 2002).  
Rural hamlets of Ancash gradually became depopulated. Families connected with 
kin networks in cities on the coast and moved to more urban environments to seek 
employment and security. In the period from 1987 – 1993, there was an outward flow of 
population from the rural area, particularly from the Callejón de Conchucos to Lima, as a 
result of terrorism and economic struggles. The Department of Ancash had the highest 
migratory flow of approximately 46,402 people to the urban area of Lima-Callao between 
the years of 1976-1981 and the second highest of 66,826 people in 1988 – 1993 (INEI, 
1993a). The immigration of Ancashinos to Lima-Callao during the period of 1988-1993 
grew by 40% as increased violence occurred in the region, resulting in an abandonment 
of land and agriculture (INEI, 1993b).  
An informant that worked with the International Non-profit Organization CARE 
commented on the toll that terrorist actions had on international development 
organizations:  
When terrorism was really serious in Huaraz and San Marcos most of the foreign 
assistance workers left the country or moved to Lima, with many other people. 
The aid offices were targeted because Sendero had told people that the foreigners 
were spies working for the American Government and this made the campesinos 
even more nervous to work with them on projects. Because I am Peruvian I tried 
to tell [the local] people that this was not true but everyone was scared and 
nervous at that time. We had to shut down the office…for a long time... 
 
The social instability resulted in many NGOs to quit projects and leave the region. 
The exact impact on economic development, agricultural productivity, and society are 
difficult to assess given the insecurity at the time. Additionally, a number of the Ministry 
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offices that were based in Huaraz were set on fire and ransacked during the years of the 
uprisings, resulting in the loss of years of documentation (Valenzuela, personal 
communication, 2002). International and National tourism to and management of 
Huascaran National Park were greatly reduced during the period of terrorism (Figure 4.8 
and 4.9).  
The stated objectives of the Shining Path were also to disrupt the flow of tourism 
to the region as documented by Abimael Guzmán himself: 
In the document signed as annex C-7 folios 8278, the Address of the Shining Path 
maintained that: “About the tourists, we plan to undermine the plans of tourism of 
this government particularly in Ancash and we have obtained it, it is paralyzed. 
Here we applied sabotage to the hotel of Huaraz with incursions room by room 
without annihilation and among tourists only a German was annihilated according 
to the report. But we must be careful; we cannot annihilate all tourists that we see. 
We also must apply: with one punished example, if they do not understand 
another one, because it is not our norm annihilating all."  (Sentencia Abimael 
Guzmán Reinoso y otros, 2006).  
 
In addition to the assassination of a German tourist, a number of Priests based in 
ministries in the Callejón de Conchucos were supposedly killed in the violence wrought 
by the Shining Path. However, other evidence indicates that these murders were not 
caused by members of Sendero. International tourism from the late 1970s through the 
early 1990s did decline throughout the country and in the numbers of tourist visits to 
Huascaran National Park, as a result of the instability (Figure 4.9). The park office went 
through a large turn over of staff and management. Park management was centralized in 
Lima and very few people were employed locally during this period. 
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Figure 4.8: Tourism to Peru and to Huascaran National Park between 1970 and 2002. Values for tourism to Peru jumped into 
the millions between 1997 and 2002. Values not displayed in order to see variations in visitors to HNP. Data from 
PNH, 2002. 
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Figure 4.9: Tourism to Huascaran National Park by Peruvian Nationals and International Tourists Yearly (left) and Annual 
(right) basis. Declines in tourism dramatically occurred in 1989 through 1993 as a result of the Shining Path. 
Seasonal tourism flows into HNP peaks in the dry season (July) and then also peaks in November by Peruvian 
Nationals when students take their annual field trips. Data from INRENA, PNH Office, 2002: Registro del 
Ingreso de Visitantes al Parque Huascaran.
Seasonal Tourism to Huascaran National Park
by Peruvian Nationals and International Tourists
9348
7313
1691917207
1981
4194
1589729
0
2000
4000
6000
8000
10000
12000
14000
16000
18000
Ja
nu
ar
y
Fe
br
ua
ry
M
ar
ch
Ap
ril
M
ay
Ju
ne Ju
ly
Au
gu
st
Se
pt
em
be
r
O
ct
ob
er
N
ov
em
be
r
D
ec
em
be
r
Months
T
o
u
r
i
s
t
s
Nationals International 
Tourism to Huascaran National Park
79112
114305
62536
933
6817
13600
4128
0
20000
40000
60000
80000
100000
120000
19
75
19
77
19
79
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
20
01
Years
T
o
t
a
l
 
T
o
u
r
i
s
t
s
Nationals International 
 147 
The social instability and insecurity in rural areas around Huascaran National 
Park made sectors inside the boundaries of the park dangerous territory. The extensive 
road network through and around Huascaran National Park was facilitated in part by one 
of the goals of President Belaúnde during his second presidential term 1980-1985, but 
became a network of exchange for illicit materials. Rondero exchanges, particularly 
around transit routes, crossing the mountains from the east to the west were common 
during this time.  
A Ministerial Resolution (N° 1200-80-AG-DGFF) in 1980 asserted the 
regulations for improved and monitored use of grasslands for grazing internal to the 
National Park. The passage of this resolution recognized the rights of the local people to 
use the grasslands for grazing. While the ability to use the grassland for grazing was 
recognized, the new resolution also declared that locals were not to alter the landscape, to 
avoid the hunting or capture of animals, not to destroy trees or shrubs, not to burn grass, 
and not to introduce either pigs or goats and particularly, to avoid overgrazing. This 
decree by INRENA for the national park is highly questionable and impractical in 
ecological and social contexts. The first component of requesting individuals to not have 
any agency in the park means removing the human agents that have created the 
ecological environment present at the time of the park creation. The disturbance regimes 
of fire, grazing and gathering allowed the ecological system to develop to the condition 
the park was in when the boundaries were instated. Another factor in this decree was that 
the statements were all predicated on the end result of the behavior. For instance, “avoid 
overgrazing” means that you would get to a condition where it would be close to 
overgrazed. Also, there is no way to adequately enf
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processes: patterns of burning from natural fires started by lightning, the destruction of 
trees or shrubs from animal disturbance), the introduction of animals, or overgrazing.  
The park introduced the idea of Committees of Users of Natural Grasslands 
(Comites de Usuarios de Pastos Naturales – CUPs) to improve the community 
management and participation of improving grasslands. However, the enforcement of this 
new resolution was something that had not been included in funding measures or 
management goals for the National Park. Additionally, although the number of CUPs has 
increased since the inception of the park, this is also the result of more individuals 
becoming cattle or livestock owners (Valverde, personal communication, 2002).  
In November 1984, Huascaran National Park was nominated by Luis Felipe 
Alarco, a Peruvian Minister in the Belaúnde administration and a Delegate to UNESCO 
(United Nations Educational, Scientific and Cultural Organization), to be included on the 
World Heritage List. The UNESCO World Heritage List sought nominations for 
properties that were considered to have outstanding universal value in terms of both 
cultural and natural heritage for the global commons (UNESCO, 1984). The Park was 
nominated based upon “superlative natural features” and “exceptional natural beauty” 
(UNESCO, 1984). According to a technical evaluation performed by the IUCN (The 
World Conservation Union) following the World Heritage List nomination, the park did 
not have a proper management plan and did not have sufficient funds for maintenance nor 
conservation services (IUCN, 1985). HNP had a budget in 1980 of 13 million soles 
(US$40,000) and in 1981 of 7 million soles (US$18,000). The lack of resources for 
administration was a serious issue as the staff for the entire park included approximately 
eight people (a director, a technical assistant, two park rangers, two patrol men, one 
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driver, one secretary, and a few laborers) (UNESCO, 1984). The IUCN, prior to 
inscribing Huascaran National Park as the 333rd site on the List of World Heritage Sites, 
described the following as a management concern for the future of the Park: 
…they are planning a road linking the Callejón de Huayalas in the east and the 
Callejon de Canchucas [sic]. This would detract from the scenic beauty of the area 
and the improved access could aggravate the existing poaching problem. (3: 
IUCN, 1985). 
 
Despite the concern noted in the IUCN report for the impact the road would have 
on the surroundings, the plans for the road were enacted. One of President Belaúnde’s 
goals from his first presidency (1963-1968) was to integrate the resource-rich “frontier” 
of the eastern Peruvian Amazon into the National Economy (Belaúnde, 1959). Upon his 
return in 1980 – 1985, he acted upon those goals in his strategy of developing the 
highway that would cut through the frontier of the Peruvian Basin (Denevan, 1966). A 
component of his development plan was to create improved road networks and 
infrastructure to relocate and resettle migrants from the densely populated core and 
periphery of Lima to the Peruvian Amazon (Belaúnde, 1959). However, the eventual 
colonists into this region did not come from Lima. In late 1985 through 1987 two roads 
were put in that traversed the National Park through different valleys. In 1987, the road 
into Quebrada Ulta was paved to go over the 4,890 m pass at Punta Olimpica, which 
provides access to the Callejón de Conchucos. Roads for access to the mines were also 
paved as part of the economic development and improvement of State industry plans for 
the Sierra. 
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The conservation and management goals of Huascaran National Park in the late-
1980s were stalled due to lack of funding at the national level. However, initiatives at the 
local level were stymied by broader political forces of political instability and a failing 
economy. A Policia Forestal was set up, mostly military and ex-military men, in all 
Provinces that monitored the cutting and harvesting of trees, poaching, and promoted a 
massive reforestation campaign throughout the sierra. Plantations of fast growing wood 
from Pinus radiata and Eucalyptus spp were planted in different communities as 
communal forest lands. The forests were established to provide fuel-wood, building 
materials, and for tools or crafts and to reduce the amount of illegal harvesting of the 
native forests. Additionally, the police started small tree nurseries in different 
communities to help promote reforestation activities (Cueva, personal communication, 
2002).  
The first García administration (1985-1990) adopted an economic policy that 
reversed the economic policies that President Belaúnde (1980-1985) promoted. Garcia’s 
social-democratic economic policies attempted to redistribute wealth and curb social 
inequity. However, the fiscal policies of the Garcia administration drove Peru into a 
1,722% inflation rate in 1988 through poorly enacted and ill-conceived economic 
measures. Garcia’s policies intended to do the following: nationalize the banking sector, 
provide agricultural loans and farm equipment to smallholders (that subsequently were 
never paid upon), and incorporate the massive informal economy into the national 
economy (Brodsky and Oser, 1968; Brown, 1997). 
In 1987, Alan Garcia passed the General Law of Campesino Communities and the 
General Law of Defining and Titling of Territory of the Campesino Communities 
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(Decreto Supremo No 24656 and Decreto Supremo No 24657, respectively) which 
declared that the property, rights, integrity, and institutions of the campesino 
communities are guaranteed and recognized by the State. In the legal declaration, 
communal labor, businesses, and protection of comuneros were promoted and guaranteed 
along with a description of what is required to be a “qualified comunero” or “integrated 
comunero.” The Law defined that the communal territory and boundaries of communities 
are imprescriptible and inalienable. This means that communities could not transfer land 
to third parties, although the promotion of agricultural advancement and natural resource 
extraction by communities would be supported by the state. Law No 24656 declared that 
communal territory could be expropriated due to public necessity and utility for the 
purposes of irrigation, although adjudication of irrigation rights will be preferentially 
given to the members of the Community. In addition, the law stated that lands could be 
owned and used as either communal property, privately by families, or mixed tenure as 
long as any one family did not monopolize the land inside of the community. Article No 
10 of the law stated that the Comunidades Campesinas have priority when acquiring 
adjoining land in the case of sale or payment. It also declared that a decision about 
specific lands required approval by two-thirds of the members for the community as 
reunited in a General Assembly meeting only for that purpose. The General Assembly of 
the community determines the use of the campesina lands and those for pasture/grazing 
inside of the community. 
After the law was passed, more communities formalized as Comunidad 
Campesinas. This enabled CC to secure access to loans for agricultural credit and to 
develop mining concessions that were on community lands. There were numerous 
 152 
campesinos that expressed their appreciation of the opportunity to obtain loans and 
equipment during this time, especially the expensive hauling and cargo trucks that were 
communally purchased. The law also promoted the push of the agricultural boundaries to 
extend up and beyond the boundaries of the National Park. At a time in 1989, the park 
mapped out the boundaries of the following user groups within the boundary of the 
National Park: SAISs, Communal Businesses, Campesino Communities, Affected 
Fundos (large farms), Included Fundos, and Small Property Owners. This resulted in 82 
very distinct land tenure arrangements interior to the boundaries of the National Park 
(Figure 4.7). Local inhabitants within the periphery of the park were involved in 
institutions governing land, resources, and communal territory as determined by formal 
legal agreements. Allegiances and alliances to the community institution took precedence 
over relationships to the State institution associated with the National Park. Additionally, 
numerous informants recalled this time as one of continued struggle; wrought with not 
only violence from the Shining Path but constant political uprisings. There were long and 
drawn-out protests in 1988 throughout the Callejón de Huaylas related to the cost of 
fertilizer. The price of fertilizer had “tripled” (Silva Guzmán et al., 1991). The strikes of 
1988 and 1989 in the Callejón de Huaylas and Callejón de Conchucos were a response to 
the overall cost of fertilizer, petroleum, and shortages in basic necessities in public 
markets. Garcia’s heterodox economic policies launched Peru into what was described as 
a failed economic record that “ranks as perhaps the worst in contemporary Latin 
America” (110: Pastor and Wise, 1992).  
A baseline Park Master Plan was required for protected areas that were to form 
the basis for the National System of Protected Areas, SINANPE. The Park Master Plan of 
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1990 (Resolución Directoral Nº 097-90-AG/DGFF-OA-DAD) required research and 
investigation into the status of Huascaran National Park to determine the best 
management strategy for the extensive area. The Master Plan defined five discrete zones 
for management of Huascaran National Park: Restricted, Primitive, Recuperation, 
Recreation, and Service Zones. Each has a specific management goal and definition for 
how lands inside the park boundary would be used. The diagnostic observations of the 
land cover and conditions of the Park in 1990 are written into the Park Master Plan and 
provide an interesting reference point for conditions of HNP. The Master Plan also 
identified the need to incorporate the goals of the surrounding population for improved 
park management. 
Neoliberalism in the 1990s 
Alberto Fujimori was voted into office in 1990 and instituted rapid structural 
adjustment reforms. Fujimori inherited an economic crisis in the form of inflation 
wrought by policies of President Alan García. In 1991, Fujimori instituted widespread 
neoliberal reforms that initiated state privatization, the selling off of most of the state-
owned industries, and corruption (Leatherman et al., 1995). The drastic structural 
adjustment measures had an immediate impact on Peruvians, as the cost of living 
increased and wages decreased. However, privatization plans had a much slower effect as 
foreign investors were wary of investment while the activities of the Shining Path were 
still active (Klaren, 2000). In 1992 Fujimori instituted a “self-coup” by closing down 
congress, suspending the constitution, replacing the justices in the judiciary and then 
revising the constitution. Fujimori’s explanation for the “self-coup” was that it was the 
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only way that the country could cleanse itself of the partisan and business group interests 
that permeated the central Government and stalled the capture of Shining Path insurgents. 
Five months following the illegal, non-democratic, and corrupt actions by President 
Fujimori, Abimael Guzman was captured. Numerous humanitarian abuses, including the 
deaths of over 70,000 individuals, were carried out by the military during Fujimori’s 
regime.  
Fujimori transformed the constitution and laws in 1991 and by 1992 had written 
new legislation again satisfying his personal agenda and permitting corruption throughout 
Peru. He started this transformation of the Peruvian economy by opening up lands and 
industries to reforms promoting privatization. Fujimori eliminated the Agrarian Bank, the 
lending institution that had allowed most rural producers to purchase inputs and access 
markets. New lending institutions were designed that required smallholders to 
demonstrate title in order to apply subsidies and shifted their funding cycles to coincide 
with election times. The Law of Registry of Rural Estates (Ley No 667) regulated the 
formalization of land into private property with legal titling and created the Special 
Project of Titling of Land and Rural Cadastral (PETT - Proyecto Especial de Titulación 
de Tierras y Catastro Rural). The PETT carried out the legal process of authorizing titles 
of mapped property to smallholders in rural areas. However, institutional capacity and 
conflicts over land resulted in the process moving very slowly and increasing the tensions 
of land availability in the highlands. The formalization of the land titling process with 
PETT meant that all land holders had to be formally registered with PETT in order to 
have their legal claims and market exchanges of land recognized (Ministerio de 
Agricultura, 1993). The promotion and liberalization of the laws, especially in the 
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agricultural sector and mining industry in the early 1990s, supported clientelism and put 
land within state ownership. The new reforms favored big business interests and 
international investment by private corporations for mining concessions and corporate 
agriculture throughout Peru (Gurmendi, 2001; Bury, 2004).   
Fujimori’s new Constitution of Peru (1993) rewrote the Law of Lands for the 
Comunidades Campesinas and the Civil Code guaranteeing rights to private and 
communal property in Peru. The previous Constitution of 1979 protected communally 
held property, while the 1993 Constitution permitted the transfer and sale of campesino 
lands outside of the ownership of community members to private individuals. For the first 
time, a new Constitutional norm was permitted for communities to sell communal land 
and allow private third parties to have access to the resources on campesino territory. The 
new Constitution also described that land ownership will be protected under the law, 
except for reasons of “national security” or “public necessity.”  
In 1995, a revised Law of Lands (Ley No 26505) outlined the requirements that 
communities could privatize their land holdings and seek private investment on 
communal lands. The sale of communal and community land to third-parties (regardless 
of nationality), renting, setting up mortgages, or adjudicating the property into small 
holder possessions for members was the neoliberal approach to land reform. This policy 
had been adopted to deal with rapid urban populations surrounding Lima and then was 
transferred to the rural, agricultural areas. The modification of this law, following the 
multiple neoliberal reforms and softening of environmental laws issued by Fujimori’s 
new Constitution, was developed as a way to satisfy private interests and assume that 
commercial free-market enterprise would satisfy the problems of land and land 
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distribution in the country. However, this law only created greater inequality in land 
rights and social justice for rural people because of the lack of legal titles and 
adjudication of land. Additionally, the majority of campesino communities maintained 
communal use rights for portions of land and natural resources. Therefore, the promotion 
of privatization plans could result in only a few individuals within a community making 
decisions for the whole, thereby concentrating wealth. 
The PETT cadastral surveying and formalization of titling of land for campesino 
communities was an essential component of this procedure and was the only way that a 
landholder could be considered as a legal proprietor of the land (PETT, 2002). Owners of 
land needed to present documents and evidence that they used the land. In addition, in 
order to sell the property an official public notice of the contract was required along with 
the signature of the Public Clerk. The push for legal titling of lands through PETT 
became even more in demand in 1996 when the International Development Bank Agency 
required official land titling in order for Peru to receive loans to develop rural agricultural 
markets for production, export and extraction of natural resources (Ministry of 
Agriculture, 2001). An official registry of the correct area and parties involved in land 
ownership is kept by the PETT rural cadastral survey office to legally acknowledge the 
territories in ownership by communities, smallholders, corporations, or the State. Many 
campesino organizations protested this law because of the lack of guarantee to legal 
ownership of communal lands and lack of registered land titles for communities. The law 
imposed by Fujimori further marginalized the majority of the population, many whom are 
small producers and landless people by not providing political or economic reforms that 
would secure their rights or access to land. 
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The Land Law was further modified in 1996 to promote investment for mining 
interests (Decreto Supremo No 017-96-AG). It opened up communal property 
particularly to mining companies by allowing the company to file a claim for easement 
(servidumbre) with the Ministry of Energy and Mines, if a community would not directly 
sell their property or settle an agreement. With the easement policy, companies could 
expropriate land for use to access mining claims and then return the land (often in 
deteriorated conditions) to its original owners. Szablowski (2004) documents cases in 
Ancash where companies use inducements and threaten communities to sell their land, 
rather than obtain it through easement, because communities acting without legal 
guidance believe that they will get more from the sale. The tactics used by State and 
Corporate interests to pressure the communities to sell land include stirring up 
divisiveness in the community, threatening further legal actions, and focusing on the 
immediate, short-term benefits of jobs, growth, services, and income from selling 
communal land.  
Szablowski (2004) documents how the acquisition of mining lands by the 
Canadian mining company Antamina occurred in Peru in 1996 following the purchase of 
a large state-owned mining concession in Ancash in the Callejón de Conchucos. The 
company had acquired the rights to the minerals, however in order to exploit the copper 
and other minerals, they needed to acquire the rights of access over the surface. The 
Community Relations staff of Antamina offered $400 per hectare of pastureland and 
$1000 per hectare of agricultural land, resettlement options, opportunities for long-term 
employment, and investment in social development to the communities. The campesino 
institutions were well aware of the state’s support of the mining company and also 
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recognized the absence of state support for defense of the community’s legal land titles 
and rights. Therefore, the campesinos accepted the offer made and the transfer of title and 
mining development began. However, the resettlement process did not go smoothly as 
lands previously designated for resettlement were being incorporated into the zone of 
mining and campesinos were not compensated and unable to access the important puna 
grasslands that are critical for livelihoods in the Andes (Orlove, 1977a).  
Fujimori’s neoliberal economic agenda had wide-reaching impacts on the people, 
land, and resources of the region of Ancash. In addition to affecting land tenure 
arrangements amongst rural communities and farmers, the laws of privatization of 
electrical resources (Law of Electrical Concessions, Decree Law No 25844) and selling 
off land to the mining industry, changed the rural economy. In 1992, the law of Electrical 
Concessions allowed a free-market framework to sell off the hydroelectric plant at the 
Cañon Del Pato in Ancash, managed, and governed by the nationalized ElectroPeru. The 
production of electricity at the Cañon del Pato Hydroelectric plant is from the Santa River 
watershed. The control of Peru’s hydroelectric power by foreign corporations began in 
1996 when U.S.-based Dominion Energy purchased 60% of the ElectroPeru stock, the 
other 40% being retained by the Peruvian company of Egenor, which was later purchased 
by the Chilean power company Chilgener. However, shares owned by Dominion Energy 
were acquired through mergers with U.S.- based Duke Energy International Peru 
Investments which ended up as holder of 99.72% of the stock and decision making power 
for electricity and management of the Hydroelectric Plant (Duke Energy Corp, 1999). 
The implications of this are that water that emanates from public lakes and lands are 
allocated to hydroelectricity and away from local livelihoods that require the water for 
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agropastoral production. The marginalization of the population from their water source 
has institutional ramifications at the local level and beyond. As mentioned earlier, 
discussions for protests and manifestations that would block the flow of water for 
electricity have been thought of as a way to affect change and have community voices 
heard. If this were to occur, the production of electricity to large industrial cities would 
be affected and would cause a national disruption.  
The Duke Energy Egenor hydroelectric plant at Canon del Pato augmented 
electrical production by obtaining access to water stored in glacial lakes of Huascaran 
National Park. These lakes and fresh runoff from glaciers serve a major function of 
ecosystem service within the watersheds. Controlling and modifying the flow from the 
lakes inside the National Park Boundary to the hydroelectric plant during dry seasons 
started in 1999 with the installment of dams and tunnels. The dams were constructed at 
Lake Paron and Lake Cullicocha. The project did not consult with the local communities 
downstream from the dam to inform them of the possible changes and fluctuations in 
runoff from the headwaters of the river. The involvement of Duke Energy in the 
managing and manipulation of hydrologic sources within the National Park occurred 
again in 2003 when three more dams were installed internal to Huascaran National Park’s 
boundary in Shallap Valley, Rajucolta Valley, and Cojup Valley. These projects were 
approved by the National Park agency and affiliated NGOs again without consulting local 
communities or other agencies (Bartle, 2004b). Local community institutions important 
for maintaining irrigation canals commented in focal group interviews for this research 
on the lack of water and the reduction of allocation to individuals in the community. 
Vociferous reactions to discussions about water and water rights took place during the 
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Casa Abiertas and were supplemented with protest chants during the month of protests in 
October 2002. Fear of privatization, removal, or restriction of water rights, touches at the 
heart of Andean people because water is life in these highland areas. Seasonal rainfall can 
provide rains for certain crops, however dryland agriculture and potable water during the 
dry season are obtained from glacial meltwaters in the different sub-basins. Acts of 
resistance to the plans for development of more dams occurred with stones being thrown 
and roads up into valleys were blocked by the Comunidad Campesina of Yanaccacha. 
Communities in the periphery of the National Park were incorporated into 
regional goals for developing the economy by promoting ecotourism. The National Park 
Agency decentralized in 1994 to allow Parks to be managed regionally. Assisting in the 
process of management, the park agency has increasingly relied upon non-governmental 
organizations (NGOs) for financial and institutional support. The U.S.-based NGO, The 
Mountain Institute (TMI), is the most active in the region and maintains a headquarters in 
Lima. TMI established an office in Huaraz in 1995 after a year of negotiating their role 
with the regional Park office and the National Park Agency of INRENA. TMI developed 
their Andean Program to complement other programs that they had in place in mountain 
regions of Appalachia and The Himalayas. The primary objective of the NGO is to 
facilitate the process of conservation via community-based sustainable development and 
ecotourism in and around the National Park (Torres, 1999). At the outset of the TMI’s 
activities in 1995, Torres (1999) described the frustrations of coordinating and acting on 
policies at a national level due to the unstable political circumstances in Peru at the time 
and the turn-over in national Directors for the Park. Torres (1999) also recognized the 
inherent challenges of establishing a participatory process for conservation in Peru.  
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The challenges of Park management, conservation, participation, and 
development are acknowledged openly by the directors of TMI. However, they have also 
been complicit in creating and sustaining a few of these challenges through the course of 
their work in the region. TMI has been the most visible NGO in the region and worked at 
Community, Regional, National and International scales to coordinate activities between 
actors and stakeholders. TMI has played a dominant and influential role in the 
management of Huascaran National Park which at times has resulted in politically and 
socially challenging circumstances amongst institutions (Bartle, 2004b). For example, 
strategic alliances were made between certain institutions during negotiations regarding 
water resources within the park. Duke Energy, the park administration, and TMI, 
gathered to develop plans for water emanating from the park. Largely absent from the 
meetings were discussions with communities that are on the periphery of the National 
Park that rely upon the runoff from the water for agricultural purposes. It was later 
revealed in a public letter that TMI had facilitated the negotiations to dam certain lakes 
for hydropower and water diversion between the energy company and the park office and 
did not bring in the local communities (Bartle, personal communication, 2002). This also 
resulted in circumventing the Peruvian laws regarding protected areas and use of 
resources. The obfuscation by TMI of their role in the process later was described by the 
NGO as a decision that had been pre-determined without their involvement. However, 
other sources that were involved in the process declared that NGO had direct 
participation in the negotiations and approved all decisions by Duke Energy prior to the 
open house meetings.  
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Huascaran National Park experienced an increase in international and national 
tourism beginning in the mid-1990s and plans were developed by INRENA to develop a 
tourism management plan to help regulate services, reduce overcrowding, and improve 
coordination. TMI in 1996 attempted to bring together actors from various stakeholder 
groups to establish a strategic vision of ecotourism, conservation, and management for a 
Tourism Management Plan. The focus of tourism for local households and communities 
was determined to be a viable livelihood strategy and to diversify their household 
economies. The creation of the park boundaries effectively had limited agricultural 
production in upper elevation zones above and in many cases below 4000 m, but allowed 
communities to retain communal use of highland pastures.  
The influx of tourism to the region was recognized by individuals and local 
communities to be a potentially new market to develop. Private individuals and interests, 
along with communities that lived within the buffer zone, were informed that they could 
not sell concessions inside the national park. In 1996, only one organization was 
guaranteed a Presidential contract to build tourist concessions inside the National Park 
boundaries: Operation Mato Grosso (OMG), an organization started by Italian Priest 
Hugo Censi under the San Juan Bosco order of the Salesian Congregation of the Catholic 
Church and dedicated to poverty relief. The Italian Don Bosco priests were active in the 
region since the mid-1960s and established a carpentry school in the city of Chacas. The 
mission of Don Bosco was to provide training for skilled labor, such as intricate 
carpentry and construction, in order to produce items that could be sold for poverty 
alleviation. The carpentry school in Chacas produces elaborate crafts carved of mostly 
tropical wood. OMG received contracts to build mountain refuge sites in the Pisco valley 
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at 4765 m in 1996, one in the Ishinca Valley at 4350 m in 1998, and the newest one at the 
base of Huascaran at 4670 m. The Ishinca Valley is part of the common property regime 
of the campesino community of Tupac Yupanqui, with households that use the puna 
pasture areas for grazing of sheep, cattle, and a very few llamas and alpacas. The Refugio 
in Pisco was visited by Fujimori in 1999 and the Ishinca Valley has been in full operation 
since mid-2001, the Huascaran Refugio opened in 2007; each opening on May 15 – 
September 30, the peak mountaineering season. OMG started a guiding school, in 
addition to the refugios, and now offers porters, transportation, cooks, bathrooms, over 50 
cots, sells beverages, and a spaghetti meal for overnighters with a range of services 
costing around $10 to $30 per person.        
In 2002, The Mountain Institute, along with the Huascaran National Park office 
and INRENA held a series of consultative meetings to determine a park master plan for 
the coming years (Huascaran National Park, Plan Maestro 2003-2007). In accordance 
with Supreme Decree No 010-99-AG, which established that all Peruvian protected areas 
must have a master plan that is elaborated every five years in a participative process, a 
series of meetings and participative discussions about the future of Huascaran National 
Park ensued. Fostering a participative dialogue regarding management and park use, 
numerous stakeholders, including individuals from communities, user groups, tourism 
ventures, regional Universities, and International corporations, were invited to present 
their opinions about the future of Huascaran National Park. However, there were 
individuals and agencies that have since described being noticeably avoided or 
“uninvited” to meetings regarding the future of Huascaran National Park (Bartle, 2004a). 
The Glaciology unit that monitors the safety, lake levels, and glacial retreat in the region 
 164 
were uninvited from a few of the meetings and surprised at the dominant role that Duke 
Energy had in meetings and decisions (Zapata, personal communication, 2003).  
 4.5 CONTEMPORARY ISSUES OF HUASCARAN NATIONAL PARK 
The 1970 earthquake, political instability, and conditions of land insecurity and 
marginalization post-Agrarian Reform spurred emigration of rural Ancashinos to the 
coastal cities of Chimbote and Lima. However, socioeconomic transformations and 
political changes have resulted in the return of individuals to Ancash. The population on 
the eastern and western periphery of Huascaran National Park is approximately 337,520 
individuals residing in urban areas, rural hamlets, or as members of one of the 45 distinct 
campesino communities. The population inside of the INRENA designated Buffer Zone 
of the National Park is approximately 224,700 individuals (INEI, 2002). According to the 
most recent master plan for HNP, there are approximately 150 individuals that 
permanently live within the legal boundary of the park (INRENA, 2003). There are over 
43 formalized Comunidades Campesinas on the periphery of HNP. Families in urban 
areas are frequently Spanish-speaking with a prevalence of bilingual Quechua-Spanish 
used at home. In rural areas, the men are often bilingual Quechua-Spanish with women 
and children speaking solely Quechua. However, Spanish is the preferred language to use 
in secondary schools and employment transactions, resulting in many younger 
generations relying upon Spanish.  
The patterns and consequences of out-migration and frequent seasonal migrations 
from rural to urban areas has resulted in a transformation of identity in Peru; what it 
means to be Indigenous, campesino, mestizo, gringo, urban, and/or rural (Diez, 1999; 
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Szablowski, 2004). Often these identities are blurred and dependant upon the 
circumstances within which a person is active. Throughout this research, I was struck 
with the fact that many individuals maintain nested identities within different contexts of 
their experience. For example, Manuel, a 38-year-old informant, grew up in a 
monolingual Quechua-speaking home in Ancash, learned Spanish at secondary school, 
moved to Lima to work in a factory, returned to Ancash to help his father with the sowing 
and harvesting of  crops, moved back to Lima to work in a Sushi Restaurant, returned to 
Ancash to set up his own farm with his monolingual Quechua-speaking wife, moved 
again to Lima with his wife so they both could work in a clothing manufacturing plant, 
and have since returned again to Ancash. They have now obtained land within their 
community and are registered as members with their Comunidad Campesina with their 
two children, to farm and work in tourism. Manuel makes an occasional trip to Lima for 
seasonal labor, if necessary, but also works in wage-labor on a corporate farm located 35 
km away from his own community. Many individuals residing in the rural Andes of 
Ancash are intricately intertwined with urbanization, commerce, and patterns of 
globalization (Orlove, 2005; Young and Rodriquez, 2006; Zimmerer, 2006b). They are 
characterized by the mutable identities necessary to operate in each circumstance.  
Therefore, understanding the patterns of livelihoods, culture, the rationalities and 
articulations of individuals in and around Huascaran National Park, also requires 
acknowledging the flux of transformations that are occurring in people’s everyday life in 
Peru and the adaptive strategies within which people operate. The implications of the 
patterns of mobility to land use are relevant in the way that knowledge is transferred on 
the landscape. As families and youth move away, the lessons, observations and adaptive 
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capacity that are part of livelihoods that rely upon agropastoral production may not be 
passed among kin. The indigenous technical knowledge may be more difficult to acquire 
if mobility and migration patterns take children and young men and women out of the 
community. Temporal landscape changes that are evident within the timeframe of most 
of the informants may not be as readily observable. In other words, with conditions of 
climate change if people are not around to try different methods of agricultural selection, 
risk, and learned behaviors, they may confront more difficult livelihood conditions. 
Ultimately, the decisions may result in pursuing employment or livelihoods away from 
their rural roots.  
The pattern of these transformations also must be taken into account when the 
notion of the Andean Community or character of the Comunidad Campesina is 
examined. The term community is not indicative of an homogenous entity, functioning in 
a “traditional” context. Rather, communities are rife with political, social, actors that may 
operate in opposition to one another, have divergent perspectives, have charismatic 
individuals, or cooperative, and/or conflicted over decisions. There is a formal definition 
outlined in the Peruvian constitution of what it means to be an official comunero or 
community member in the Comunidad Campesina. Likewise, certain obligations are a 
component of community membership, such as communal work parties for the overall 
benefit for individuals and for the community (known regionally as minka and faena, 
respectively) and following the rules of collective property for communal grazing and 
agricultural land. When using the term “community” throughout this chapter, it does not 
imply that perspectives are homogenous for all communities or for all individuals within 
the community. 
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Institutions and Contested Boundaries 
Of the 43 formalized Comunidades Campesinas located within the park periphery 
(Figure 4.7), each community has different membership rules; however, it is common 
that in order to use lands and resources that are within established Comunidad 
boundaries, one must inscribe and claim membership to the community. According to 
interviews with members of 17 different communities in and around HNP, to claim 
membership in a Comunidad Campesina an individual must live in the community, 
participate in communal labor projects, and have parents or spouses’ parents that are from 
that community. There are various elected positions in local Comunidad government. The 
president of the Comunidad Campesina is nominated and elected by the entire 
community and often is a well-respected individual or held in high regard because of 
their individual responsibility. In addition to overall community government, there are 
numerous leadership positions by individuals from each sector of the community. In the 
case of the informants’ communities that I interviewed, one community might be divided 
into 10 different geographically distinct sectors, with approximately 20-60 families per 
sector. Men predominantly fulfill the elected positions in the government and 
administrative portion of the community. Women, on the other hand, fulfill roles that are 
equally important although perhaps not as publicly formalized in institutional governance 
structures.  
As noted in my interviews with informants, young males are frequently leaving 
the community to seek work. According to my informants and as noted elsewhere in the 
Andes (Jokisch, 2002), as men seasonally migrate to jobs on the coast or in larger urban 
areas, women are actively participating in community decision-making structures. The 
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seasonal migration of young men away from the communities results in certain 
agricultural labor jobs being left undone or left to a few men that remained in the 
community. In one sector of Ancash at the time of this field research, up to 87% of young 
men between the ages of 27-33 were away from the community for more than one year. 
In certain cases, women heads-of-household would hire men that were still within the 
community to provide agropastoral labor while their own spouses were away. Wages 
were paid in Nuevos Soles or in a share of the crop yield.   
Community institutions are reliable social scaffolding, are essential for knowledge 
and information transfer, and largely a basis for community collective action (Young and 
Lipton, 2006). Many community institutions are in charge of monitoring, administering, 
managing, improving and conserving natural resources (Table 4.1 and Figure 4.10). 
Information about the condition and/or maintenance of resources and infrastructure is 
communicated first through community institutions. Participation in institutions by local 
members reinforces short and long-term community goals while strengthening cultural 
cohesion and decision-making. The time, effort, and investment in community 
institutions also are more immediate than participation in external institutions.  
Campesino communities on the periphery of Huascaran National Park are 
invested in their local institutions for land and resource governance while, 
simultaneously, embedded in institutions on a regional, national and international scale. 
Regional, national, and international institutions that are involved in governance of land 
and resources in and around HNP include first and foremost the Peruvian park 
administration (INRENA) and their technical field staff, tourism industries, and 
international conservation and sustainable development organizations. INRENA staff and 
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offices are in charge of monitoring grasslands, endemic and threatened flora and fauna, 
and tourism; but, like so many federal institutions in developing countries, the park 
administration is under-funded and restricted by a distant centralized office. 
Consequently, park infrastructure is poorly maintained and resources for projects, 
communication, and planning are limited.  
Peruvian field staff and officials are highly trained; however, they are constrained 
in their positions, activities, and technical capabilities because of bureaucratic measures 
from the National Park office. Park management goals and communication to outlying 
communities is often issued as a top-down mandate. This reduces the level of trust and 
legitimacy of the institution and sullies their reputation by projecting themselves as 
uncooperative and ineffective, because they do not incorporate community perspectives 
into management. The external top-down approach hampers the effectiveness of overall 
governance of this mountain-protected area, underscoring long-standing local 
perspectives of governmental institutions as corrupt and working against local needs. It 
propagates conflicts between community members and Park administration over 
mountain resources that are mutually valued and utilized, but for different reasons. 
The legal documents for the formalization of Huascaran National Park in 1975 
(1975) states that inhabitants may utilize resources in a traditional manner. The official 
park decree also states that the collection of resources, poaching, and cutting of wood is 
strictly prohibited from inside the boundary of the National Park. However, it is precisely 
at this issue where perceptions of rights to access and ownership of land and resources 
diverge amongst the different stakeholders – namely, the stakeholders affiliated with 
Huascaran National Park versus campesino community stakeholders. 
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 LIST OF ACTIVE COMMUNITY INSTITUTIONS IN  
CAMPESINA COMMUNITIES AROUND HUASCARAN NATIONAL PARK 
Special Committee on Land  
Comités Especial de Terreno 
 
Special Committee of Grasslands 
Comité Especial de Pastos 
 
Association of Forests and Reforestation 
Asociación de Bosques y Reforestación 
 
Committee of Grassland Users  
Comité de Usuarios de Pastos 
 
Association of Cattle Producers  
Asociación de Productores de Ganado 
 
Committee on Potato Production  
Comité Productos de Papa 
 
Committee of Farmers and Artists 
Comité de Productores Agropecuarios y 
Artesanales 
 
Association of Producers of Cuy 
Asociación de Comerciales de Crianza de 
Cuyes  
 
Association of Fruit Producers 
Asociación de Productores de Fruta 
 
Committee of Beekeepers  
Comité los Apicultores 
 
Association of Fisheries/Trout 
Asociación de Piscicultura 
Assocation of Associations of Mountaineering  
Asociación de Asociaciones de Trabajadores de 
Alta Montaña 
 
Association of Auxiliary Services of 
Mountaineering  
Asociación de Servicios Auxiliares de Alta 
Montaña 
 
Special Committee of Sports  
Comité Especial de Deporte 
 
Mother’s Clubs  
Club de Madres 
 
Committees for Glass of Milk Program 
Comités de Vaso de leche 
 
Association of Young Campesinas  
Asociación Juventud Campesina 
 
Special Committee for Social Support  
Comité Especial de Apoyo Social 
 
Special Committee of Health 
Comité Especial de Salud 
 
Church Groups 
 
 
Table 4.1: List of community institutions that were identified by informants as being 
active and that had regular membership in at least 12 Campesino 
Communities.  
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Figure 4.10: Community and NGO meetings to discuss tourism (top).  Field meeting 
entering the portada of Quebrada Honda of the Comunidad Campesina of 
Vicos with the Reportero and President of the Rangeland Association. The 
Reportero is a member of the Community and keeps track of livestock and 
people that pass through the valley and through community territory. 
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 According to the actions, narratives and claims by 72% of people interviewed for 
this research, the land and resources that preside within the National Park’s boundary is 
considered “rightfully” within the communal territory of communities on the periphery of 
the Park. Peripheral park communities, however, do not retain full use rights or privileges 
because of the above formal decree for the park. In fact, the wording in the decree for 
Huascaran National Park that outlines the restrictions but guarantees “traditional” 
agricultural access unique to this National park and does not fit within the Peruvian 
definition of a National Park. Additionally, the type of “allowed restriction” has in fact 
led to a number of conflicts regarding appropriate governance of the land and resources 
internal to the Cordillera Blanca. 
When informants discussed concerns about the National Park in focus groups, 
there were very heated discussions about how the park restricts use of lands that are 
important to the communities. In two separate focus groups (n=5 and n=9) in the southern 
region of the park, individuals acknowledged that they do not disclose all information to 
park officials and underreport to the National Park the number of animals that they have 
grazing inside park boundaries. The reasons described for underreporting were because 
they felt that the park office would tell them to reduce the herd numbers and that they did 
not want to pay a multa, fine, for having many cows on park land.  
Interviews reveal that local articulations and narratives about land and resources 
do not acknowledge the boundary of the national park. Informants that lived on the 
eastern and the western periphery of the park when asked, “Where are the boundaries of 
the Huascaran National Park?” stated 69% of the time that the Park boundary was at a 
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very specific location, such as at Pastoruri Glacier and at Llaganuco Lake. On a number 
of occasions, this question was asked of informants while we were standing within 
territory that is defined on national park maps as the core of Huascaran National Park. 
The other most common responses to this question were: in Lima, in Huaraz, up the road, 
at the edge of the annex, and “I don’t know.” These comments were more common on the 
eastern periphery of the park in communities that have less institutional connection or 
tourism connection with the National Park. 
Narrative responses when describing the national park elucidated the conflicts 
associated with the governance and organizations participating in park management. For 
example, the following statements were recorded by informants regarding the park and 
the resources: “The land pertains to the community, it is not owned by the people in 
Lima.” and “The Park is where they are able to take out minerals, but I am not able to 
allow my cattle to graze.” These two quotes reflect the contradictions that local people 
have regarding the legitimacy and the management of the park. While the park is 
considered by many to be property of the communities within the periphery of the 
designated park boundaries, the identification of distant populations, such as “the people 
in Lima,” having ownership rights is a familiar refrain. Relating the lands within the park 
as “owned by people in Lima” narrates the fact that the park administration office 
INRENA is based in Lima, many of the individuals that work for local NGOs are from 
Lima, and the majority of National tourism comes from the urban Lima population. Other 
narratives highlight the fact that the park office charges money that returns often to the 
INRENA office in Lima. This perspective was also supported by employees of the Park 
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office who feel that they do not receive enough financial support to maintain the park 
infrastructure.  
The park boundary creates a somewhat artificial limit, restricting land use and 
populations below approximately 4000 m elevation, although this boundary is lower in 
many areas of the National Park and the Buffer Zone. This restriction puts pressure on the 
existing land and resources through time as communities may grow and/or economically 
develop. In other scenarios, population pressures on a limited and marginal land base 
may result in agricultural intensification (Boserup, 1965; Guillet, 1981; Pfeffer et al., 
2005) and/or, particularly in this study, acts of resistance to boundaries and non-local 
institutions. A factor that slightly tempers the rate of population growth and pressure in 
the region was the high incidence of out-migration because of events as noted in earlier 
sections of this chapter and the migration that continued at the time this research was 
undertaken. However, community institutions are asserting more influence in attempts to 
retain, use, develop, and claim land and resources that are within existing Huascaran 
National Park boundaries. 
The efforts of the land titling project (the PETT) attempt to secure land tenure and 
titling of land and resources to individuals, communities, businesses, and the State. The 
basis for the boundaries for the land to be titled is from historical documents and 
community knowledge of existing land boundaries. However, there is a lack of land 
titling for the majority of the population. The majority of the informants that were 
interviewed acknowledged that secure legal land tenure, land availability, and access to 
resources (especially water) were their biggest concerns for the future. The challenge of 
multiple institutions managing land and resources, as well as vague language and 
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definition of the types of land use allowed or restricted has created fertile ground for 
conflict amongst institutions at different scales.  
Historical legacies, corruption, and policies continue to subvert the needs and 
demands of marginalized populations surround land and resource issues in the Andes. In 
this scenario of Huascaran National Park, past institutional failures, park management 
policies and external interests have influenced the planning process and affect the 
interactions with community institutions. Campesina organizations are active to assert 
their position into National Park policy. For example, one campesina organization set 
about re-defining the role that they have in national park policy by resisting bureaucratic 
procedures that alienated them from governance of community lands. This was observed 
in a specific case where the campesina comunidad of Catac, in overt contestation of HNP 
management, established a community entrance to the park (Figure 4.11). Community 
members created a community-based entry point where they collect fees from tourists 
and proclaim that the tourists are entering community property. In direct resistance to 
park management goals, community members determined that the “park was inside of 
their lands.” Individuals stated that the park was not there to assist their livelihood goals, 
nor did the Park administration maintain infrastructure, therefore the fees that were 
gathered by tourists were to be divided directly amongst community members. The 
comunidad actively resists the park policies and management guidelines. They have 
found that the best manner to assert their position is in direct defiance and now legal 
proceedings with the regional and national park administration. They have continued to 
maintain this act of resistance against the formal boundary of the National Park.  
 176 
Despite certain acts of resistance regarding the governance and assertion of 
boundaries of the national park, many informants were grateful for the opportunity to 
work and have tourism as a livelihood option within the region. In fact, over 71% of 
informants indicated that they would like to see their children live and stay in the 
community. This strong desire to maintain connection to family, community and the 
landscape addresses the fact that there are strong ties to place and to the future. However, 
there were also numerous comments on how more jobs need to be available for a better 
future to be possible for the children. 
Figure 4.11: Community regulated entrance to the park. To the left, the official park 
entrance sign, saying “Control Post in 100 m – Obligatory registration of all 
vehicles.” To the right, the sign designed by the Community of Catac, 
“Campesina community of Catac, Welcome to Carpa, New Adminstration 
Control house.” 
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4.6 CONCLUSION  
The control, access, and exclusion from land and resources in the Andes have 
historical legacies, which govern contemporary practices, actions, and perceptions. The 
biophysical and social conditions as described above are important factors in the 
development of Huascaran National Park as a zone of conservation. The human-
environment interactions of the Cordillera Blanca have resulted in a dynamic landscape 
that became one of Peru’s earliest National Parks. As in other areas of Peru and the 
Andes, land use following agrarian reform (1968), recent neoliberal reforms and 
transnational conservation agendas all play a role in the process of conservation of this 
Andean environment (Bebbington, 1996; Tanner, 2003; Young and Rodriquez, 2006).  
As indicated in the interviews, many informants associate conservation and the 
goals of the National Park as another exogenous actor that imposes restrictions on land 
and resources. However, while the legacy of mismanagement and unfair acquisition of 
land is retained within the historical legacies, there are patterns of resource use and acts 
of resistance that continue to subvert National Park management goals. Certain acts of 
resistance are overt, such as physically creating a new entrance to community lands, 
throwing stones at park officials, actively using land and resources within park 
boundaries. Or, the acts of resistance may be more subtle, such as under-reporting to park 
officials the number of animals using grasslands, collecting funds and conducting tourism 
operations inside the national park Events of agrarian reform, natural disasters, and 
neoliberal reforms have each had a lasting impact in the memory of the populace with 
regard to land and resources in and around HNP. Concerns from past legacies of 
adjudication of land and resources internal and peripheral to the park boundary are 
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recounted repeatedly during protests, conversations, and in discussions regarding the 
landscape and periphery of Huascaran National Park, a “first generation” Peruvian 
National Park that has been legalized formally for over 30 years. 
As stated earlier, the past twenty years have brought a global increase in 
conservation territories. In Peru, this has resulted in large swaths of low population 
density areas, predominantly in the Amazonian lowlands, to be incorporated into national 
conservation plans. Only recently are places adjacent to high-density urban populations 
being considered for conservation status. The original boundaries of Cutervo, Peru’s first 
national park are almost non-existent as land use encroaches upon park borders. The 
effects of conservation engender a transformative process between local livelihoods and 
national or international conservation goals as people on the periphery of conservation 
areas become entwined in policies adjudicating land and resources (Newmark, 1996; 
Bruner et al., 2001; Chapin, 2004; Naughton-Treves et al., 2005; Young and Rodriquez, 
2006). Wherever the boundaries of conservation areas are established, there are social 
and economic modifications that occur because of new institutions, incentives, 
limitations, and modes of production on multiple scales. The transformations of 
livelihoods and agricultural production are not limited to the domain of conservation 
alone, but rather are part of ongoing economic and cultural processes that occur through 
time (Butzer, 1996).  
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CHAPTER V 
Land Use and Land Cover Change of Huascaran National Park: 
Trajectories and Implications of Landscape Change 
5.1 INTRODUCTION  
Anthropogenic factors are driving the rate at which landscape change is 
contributing to global change and loss of biodiversity and habitat (Vitousek et al., 1997; 
Sala et al., 2000; Liverman et al., 2003; Lepers et al., 2005; Nelson et al., 2006). The 
Millenium Ecosystem Assessment reported that 60% of ecosystem services are being 
used unsustainably and are being degraded in a non-linear, irreversible manner (MEA, 
2005). Parks and protected areas are a land management strategy usually designed to 
limit land use modifications and protect biodiversity within specified boundaries 
(Mittermeier et al., 2000; Bruner et al., 2001; van Schaik et al., 2002; Rodriques et al., 
2004). Irrespective of park designations, multiple factors are driving human land use on 
the periphery, in the buffer zone, and across the boundary of protected areas (Eyre, 1990; 
Brandon et al., 1998).  
Land use by peripheral communities or other institutions often extends into parks 
despite the fact that political mechanisms are sometimes in place to enforce park 
boundaries (Brandon et al., 1998; Bruner et al., 2001; Nagendra and Munro, 2006; 
Nagendra et al., 2006). Research reveals that park management, and thus park 
boundaries, are afflicted by weak and financially insecure institutions faced with 
challenges of integrating an increasing (and frequently) marginalized peripheral 
population into overall park management (e.g., Eyre, 1990; Pimbert and Pretty, 1995; 
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Brandon et al., 1998; Agrawal and Gibson, 1999; Naughton-Treves et al., 2005; Pfeffer et 
al., 2005; Nagendra et al., 2006). The use of parklands by peripheral communities can be 
identified as an act of resistance as discussed in Chapter 4 to an imposed boundary. Land 
use and land cover change (LULCC) research provides important methodologies and 
results to examine the coupled human-environmental patterns of land change trajectories 
in and around protected areas (Byers, 2000; Pfeffer et al., 2005; Kintz et al., 2006; 
Messina et al., 2006; Nagendra and Munro, 2006; Roy Chowdhury, 2006). Being 
acquainted with land use and land cover dynamics may lead to policy suggestions or 
actions which may mitigate future challenges (Walsh and Crews-Meyer, 2002). For the 
Andes where conditions of climate change impacts social-ecological systems at multiple 
scales, land use and land cover dynamics may provide a basis for planning, monitoring, 
and identifying adaptive capacity and/or resilience (Orlove, 2005; Rhoades et al., 2006). 
Within this context, this study identifies land cover change patterns in and around 
Huascaran National Park (HNP), Peru and Buffer Zone (BZ) between the years of 1987 
and 2003. The time frame in question is significant in Peru due to the following social 
and biophysical reasons: 1) it marks a political and economic change during which 
political instability occurred and neoliberal reforms were adopted, thereby impacting the 
economy, environment and livelihoods of individuals and communities in the buffer zone 
of the National Park (Bebbington, 2000; Mayer, 2002; Bury, 2004; Young and 
Rodriquez, 2006); 2) global transnational conservation agendas gained fiscal and political 
momentum, resulting in protected areas serving as a measure to curb anthropogenic 
impacts, protect global biodiversity, and fulfill an economic and social development role 
that had been neglected by the state (Escobar, 1998b; Bruner et al., 2001; Zimmerer et al., 
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2004; Naughton-Treves et al., 2005; Young and Rodriquez, 2006). This includes 
sponsored integrated conservation and development projects by numerous NGOs such as 
The Mountain Institute (based in Huaraz since 1995), CARE, and US-AID; and, 3) 
biophysically, research has demonstrated that drivers of global change have impacted 
global climate resulting in accelerated tropical glacier recession in the Cordillera Blanca 
and around the world (Ames et al., 1989; Kaser et al., 1990; Hastenrath, 1995; Thompson 
et al., 2003).  
Hypotheses of Land Cover Change 
The first objective in this research and described in this chapter is to map the land 
cover in a topographically complex tropical Andean protected area of Huascaran National 
Park (HNP) and buffer zone (BZ). The second objective is to quantify and characterize 
the land cover change over a fourteen-year period. The third objective is to examine the 
trajectories of land cover change evident in satellite image analysis in conjunction with 
land use change using interview and field data. The goal is to identify human dimensions 
of land cover change and elucidate human drivers and processes of landscape change that 
are visible in satellite imagery in and around HNP and BZ.  
One hypothesis driving this research is that overall land-cover class changes 
within the park buffer zone will be greater on the western slopes due to accessibility and 
drivers of land use change rather than on the eastern slopes. This is because the eastern 
slopes are more difficult to access due to topography and therefore, it is less developed 
with road and development infrastructure. Therefore, access to the western section of 
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HNP is from the Santa River Valley on the western flank and is facilitated by a paved, 
well-traveled highway that links to the PanAmerican Highway.  
Land use incursions into protected areas are recognized to be most prevalent at 
the park-buffer zone border and in conjunction with accessibility (Eyre, 1990; Young, 
1994; Sierra et al., 1999; Naughton-Treves et al., 2005; Pan and Bilsborrow, 2005). 
Therefore, an hypothesis for this research is that land cover change will be most evident 
within close proximity to the park border and road infrastructure. Park periphery 
populations within close proximity to a park border are most likely to occupy land for 
agropastoral, forestry and other livelihood activities (Young, 1994; Nelson and 
Hellerstein, 1997; Crews-Meyer, 2001; Pan and Bilsborrow, 2005; Messina et al., 2006). 
Most parks adopt an exclusionary policy that restricts neighboring populations from 
expanding their land holdings and limits their ability for agricultural extensification. Two 
major reasons for park-people conflicts, particularly in the developing world, are 1) parks 
restrict people from using, claiming, or obtaining land and 2) people are, on occasion 
displaced from their homes and lands if a park is designated (McNeely and Miller, 1984; 
Eyre, 1990; Newmark, 1996; Stevens, 1997; Brandon et al., 1998; van Schaik et al., 
2002; Nagendra et al., 2006). Other reasons for conflicts may stem from park boundaries 
reducing the area of available land for agricultural production and, particularly for 
communities in mountain regions, confronting population and agricultural production 
pressures on a marginal land base (Boserup, 1965; Netting, 1993; Pfeffer et al., 2005).  
Research on global environmental change indicates that climate change is 
impacting the biophysical processes in mountain environments (Bartlein et al., 1997; 
Mark, 2001; Kaser and Osmaston, 2002; Meier, 2003; Thompson, 2003; Vuille, 2003). 
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Another hypothesis for this research is that given the ample evidence of glacier retreat 
occurring in and around HNP and BZ (Lliboutry, 1977b; Kaser et al., 1990; Hastenrath, 
1995; Osborn et al., 1995; Ames and Hastenrath, 1996; Kaser et al., 2001; Meier, 2003; 
Thompson et al., 2003; Mark and Seltzer, 2005), snow and ice land cover would 
demonstrate the highest amount of change over the years. A corollary hypothesis is that a 
change in snow and ice land cover will demonstrate a change trajectory to a land cover 
class of rock or barren and would therefore demonstrate a high percent of change.   
Due to the rapid change in elevation in the park, from approximately 3700 m to 
6768 m at the highest point, a change in space will quickly change the environmental 
conditions and parameters. Therefore, another hypothesis is that there will be more 
dynamic change within the boundary of the BZ than inside the core of HNP. Overall, 
there will be more from-to change of land cover types external to the boundaries of HNP 
in the BZ than internal to the core of the park. 
Testing the above hypotheses will integrate geospatial technologies to analyze 
land cover distributions. The distribution and patterns are a function of dynamic and 
processual biophysical and anthropogenic events as represented in a raster environment 
and as communicated qualitatively by residents. This research draws upon the 
fundamental importance of scale, political and ecological, as units of analysis for 
studying landscape management and conservation by examining land cover and land use 
changes in a national park in the Peruvian Andes. The landscape unit of analysis 
examined at temporal, spatial and hierarchical scales reflect the dynamism of LUCC 
studies and fuse with the scalar approaches found in recent political and landscape 
ecological theory, as will be elaborated upon in Chapter 6. 
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5.2 GEOSPATIAL TECHNOLOGIES FOR RESEARCH ON PROTECTED AREAS 
Landsat Satellite Imagery  
Originally known as ERTS-1 (Earth Resources Technology Satellite) and 
launched as a joint NASA and USGS mission, Landsat satellites have provided quality, 
multispectral global land cover scenes for the past 32 years (Estes et al., 1980; Morain, 
1998; Pax-Lenney et al., 2001). Landsat platforms record the visible and infrared portions 
of the electromagnetic spectrum that are important for assessing biophysical parameters. 
Beginning with Landsat 1 with the MultiSpectral Scanner (MSS), the sensors aboard 
subsequent Landsat missions have demonstrated the utility and advantages of passive, 
moderate-resolution spaced-based imaging (Estes et al., 1980; Quottrochi and Pelletier, 
1991; Green et al., 1994; Morain, 1998; Jensen, 2000).  
As noted in Table 5.1, there are three principle scanning sensors depending upon 
the Landsat mission of MSS, Thematic Mapper, or ETM+, each with slightly different 
spectral and spatial resolutions. Landsat satellites capture data primarily within the 
spectral coverage of the visible bands and the near infrared range from 0.5 – 1.1 µm. 
Landsat MultiSpectral Scanner (MSS) was the first sensing device and was carried 
aboard Landsat 1 through Landsat 5. The Thematic Mapper sensor was put on board 
Landsat missions 4 - 5 improving the spectral, spatial and temporal resolutions of the 
data. With an Instantaneous Field of View (IFOV) of 30 m, TM data provides a finer 
spectral resolution and improved radiometric calibration as well as detection of the 
thermal band (10.4 – 12.5 µm). As is noted in the table, Landsat 6 was a failed mission, 
with Landsat 5 still capturing data and functioning. Landsat 5 TM data is still being 
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acquired every 23 seconds and transmitting data to ground control stations, remaining an 
important imaging source.  
The Landsat 7 Mission was launched in 1999 and has an improved sensor on 
board called the Enhanced Thematic Mapper Plus (ETM+). In addition to the previous 
seven bands that were on the Landsat 5 TM sensor, the ETM+ has a panchromatic band 
that captures data with 15 m spatial resolution. In addition, the thermal band has a better 
spatial resolution improved from 120 m to 60 m with finer spectral resolution between 
the high and low gain. Enhanced radiometric calibration and better geometric accuracy 
are also improvements in the ETM+ device. Unfortunately, in May of 2003 Landsat 7 
began to have considerable problems with the Scan Line Corrector (SLC) causing data to 
have gaps of information. The SLC corrects for the movement of the spacecraft above the 
revolving planet. Without the SLC, data are collected in what appears to be a zigzag 
pattern. Fortunately, the imagery for this study was captured prior to the SLC 
malfunction. The inability to fix the SLC has resulted in all data from May until present 
to be in SLC-Off mode, meaning that all scenes will have a zigzag pattern and data gaps 
(USGS). However, various algorithms are in use so that new acquisition data will not be 
“lost” and areas where there is zigzag can be corrected and combined with past scenes 
unaffected by the SLC.  
The predominance of Landsat data for land change research owes to the fact that 
it offers readily available, repeatable, verifiable, at moderate spatial resolution, minimal 
cost imagery over a consistent temporal scale (Walsh et al., 1990; Quottrochi and 
Pelletier, 1991; Green et al., 1994; Morain, 1998; Jensen, 2000). 
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Mission Dates Sensor Alt. 
km 
Temporal 
Resolution 
Ground 
Area 
km 
Spatial 
Resolution 
Spectral 
Resolution 
Landsat 1 1972-
1978 
MSS 907-
915  
18 days  
repeat 
coverage 
185 X 
185 
79 m 0.5 – 1.1 
µm 
4 bands 
Landsat 2 1975-
1982 
MSS 907-
915 
18 days 
repeat 
coverage 
185 X 
185 
79 m 0.5 – 1.1 
µm 
4 bands 
Landsat 3 1978-
1983 
MSS 907-
915 
18 days 
repeat 
coverage 
185 X 
185 
79 m 0.5 – 1.1 
µm 
4 bands 
Landsat 4 1982-
1987 
MSS, 
TM 
705 16 days 
repeat 
coverage 
185 X 
185 
79 m 
(MSS) 
30/120 m 
(TM)  
0.45-2.35, 
12.5 µm ,  
7 bands 
Landsat 5 1984-
present 
MSS, 
TM 
705 16 days  
repeat 
coverage 
185 X 
185 
79 m 
(MSS) 
30/120 m 
(TM) 
0.45-2.35, 
12.5 µm ,  
7 bands 
Landsat 6 Failed MSS, 
TM 
Failed Failed Failed Failed Failed 
Landsat 7 1999 ETM+ 705 16 days  
repeat 
coverage 
185 X 
185 
30/60/15 m 0.45-2.35, 
12.5 µm, 
pan 
8 bands 
Table 5.1: Landsat Satellites 1972-2005. Modified from Lillesand and Kiefer, 2000.   
 
Landsat satellite imagery provides the benefit of synoptic coverage, an advantage for 
research in a region where some areas are isolated and inaccessible due to rugged 
topography. Data collection on a repeated basis ensures that there is consistency in the 
acquisition of spatial and spectral resolution images for terrestrial resources. Therefore, 
landscape change studies can be conducted over multiple years using a fairly uniform 
data source with moderate spectral dimensionality (Estes et al., 1980; Stehman, 2001; 
Rindfuss et al., 2004b).  
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Fieldwork or ground-truth is an essential component of land use and land cover 
change research. In situ field knowledge supports image analysis by providing the analyst 
with data about the landscape under investigation. Transferring field knowledge to the 
synoptic coverage offered in satellite imagery strengthens the analysis and conclusions 
that can be drawn and made from the imagery. Fieldwork provides experiential 
knowledge and the collection of data variables concerned with the biophysical 
components in a landscape and grants an opportunity to witness, question, and be familiar 
with the social and biophysical processes that are occurring in a place. Robbins stresses 
the importance for analysts to be wary of the interpretation of landscape categories found 
in remote sensing imagery (Robbins, 2003). Identifying the complexities, social and 
biophysical, in the landscape and then examining the patterns of reflectance values 
eventually requires the decision process of determining how and what to call landscape 
categories. Therefore, mapping and common remote sensing analysis is in fact not 
neutral, but rather relies upon categories to be interpreted via knowledge, and then set to 
provide the context of the real world.   
Land Change Science and Tropical Protected Areas  
Land Use/Cover Change (LUCC) research developed as an interdisciplinary effort 
to understand patterns and dynamics of landscape change by integrating social and 
biophysical science (Turner et al., 1990; Gutman et al., 2004). Land cover is defined as 
the biophysical characteristics that can be described on the surface of the study area. 
Often land cover refers to the vegetation present and is distinguished from the land use 
(i.e. grassland vs. rangeland). A classification of land cover is both a categorization and 
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quantification of similar yet discrete attributes in an area. Land cover classifications 
utilizing different date imagery can provide an estimate and quantification of types of 
land cover that are undergoing transformations and rates of change. Pax-Lenney et al. 
(2001) describe that the assessment of land-cover can proceed in multiple directions: a 
sampling strategy or an analysis of hundreds of images. Data and results from both are 
used to model scenarios, determine areas that may be increasingly vulnerable to 
conditions of environmental change, and contribute to policy (e.g., Quottrochi and 
Pelletier, 1991; Meyer and Turner, 1994; Klepeis and Turner II, 2001; Lambin et al., 
2001; Crews-Meyer, 2002b; Turner et al., 2003; Gutman et al., 2004; Pan and 
Bilsborrow, 2005; Roy Chowdhury, 2006; Southworth et al., 2006a) .  
MSS, TM, and ETM+ data have been used over the past 30 years to study and 
model tropical land use and cover change. In 1984, Tucker, Holben and Goff examined 
deforestation in Rondonia, Brazil using Advanced Very High Resolution Radiometer 
(AVHRR) images. The coarse spatial resolution imagery (2700 km) provided data on the 
dramatic impacts of forest cover change in the Amazon Basin (Tucker et al., 1984). 
Research on quantifying and achieving more accurate estimates of deforestation for the 
entire Amazon region also became important as global attention became concentrated on 
deforestation rates and the rapid loss of biodiversity (Skole and Tucker, 1993). Proxies 
for global climate change are quantified by obtaining deforestation rates and subsequent 
increases of CO2 into the atmosphere research. 
Moran and Brondizio (1996) successfully linked TM data of forest cover change 
with social processes and settlement patterns in the Brazilian Amazon by integrating land 
cover data with quantitative data from interviews and migration. Research on land use 
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patterns and the production of vegetation maps in the tropical Andes and Amazonia also 
increased partly as a result of interdisciplinary collaborations and a desire to put together 
the social and biophysical context of global land cover change (Tucker et al., 1984; 
Mulders et al., 1992; Skole and Tucker, 1993; Moran et al., 1994). Forested areas in 
satellite imagery contrasts dramatically with recently cleared forest areas and this 
facilitated the concentration by image analysts on the parameters of deforestation (Wood 
and Skole, 1998). However, a depth of understanding of the dimensions of deforestation 
became more evident with the integrated research on social process and agents of change 
(Wood and Skole, 1998). Therefore, the integration of these two themes of ecological 
analysis and social inquiry advanced research agendas. 
Lepers et al. (2005) found in a study-synthesis of global land cover change that 
between the years of 1981 – 2000 areas with high rates of deforestation occurred 
predominantly in the tropical belt between 25° N and 25° S Latitude. The study also 
concluded that research on deforestation is the most intensively studied process of land 
cover change, with a concentration of research on the Amazon Basin and gaps in data for 
other regions of the world (Lepers et al., 2005). Processes of cropland change and 
agricultural conversion in the tropical Andes are another main parameter of research on 
habitat and land use conversion (Vitousek et al., 1997; Lambin et al., 2003; Lepers et al., 
2005). Infrastructure development, such as roads, penetrate into terrain that once was 
difficult to access, resulting in agricultural extensification (Young, 1994; Nelson and 
Hellerstein, 1997; Crews-Meyer, 2001; McGarigal et al., 2001; Sierra et al., 2003; Keys 
and McConnell, 2005; Southworth et al., 2006a). Colonization and road construction on 
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both sides of the Colombian and Ecuadorian border facilitated the deforestation and 
conversion of over 82,924 ha between the years of 1973 and 1986 (Viña et al., 2004).  
Tropical forests offer complex scenarios for the integration of landscape ecology 
and land change science. Increased fragmentation from disturbances may result in 
patches that can alter the structure and function of ecosystem services, as well as habitat 
for bird and animal species (MacArthur and Wilson, 1967; Saunders et al., 1991; Skole 
and Tucker, 1993; McGarigal et al., 2001; Crews-Meyer, 2004; Cayuela et al., 2006; da 
S. Duarte et al., 2006). Results from land cover characterizations and analysis on 
structure and function contribute to assessments for conservation priority areas, habitat 
fragmentation, rates and levels of land cover change, and landscape degradation (e.g., 
Dinerstein et al., 1995; Williams, 1996; Keating, 1997; Williams et al., 1997; 
Ramakrishnan, 1998; Mittermeier et al., 1999; Myers et al., 2000; Brooks et al., 2006; 
Crews-Meyer and Young, 2006; Young and Aspinall, 2006).  
Hansen and DeFries (2005) call for increased studies at the juncture of mountain 
parks and people scenarios to better understand the feedbacks in topographically complex 
environments. The integration of LULCC with land use histories conveys indispensable 
information about land use trajectories, particularly in the context of park – people 
scenarios (Banana and Gombya-Ssembajjwe, 2000; Geist and Lambin, 2002; Ostrom and 
Nagendra, 2006). However, certain assumptions about the relationships between parks 
and populations on their periphery are sometimes invalidated. Kintz et al. (2006) found 
that within Rio Abiseo National Park and buffer zone in Peru, land cover changes did not 
proceed on assumed and expected trajectories. Rather, forest cover inside of the park 
increased; whereas, within the buffer zone forest cover was reduced and fragmented due 
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to human agency. Nagendra et al. (2006) conducted a LULCC investigation in and 
around the Tadoba Andhari Tiger Reserve located in a densely populated forested region 
of central India. Traditional communities maintained governance over forest resources 
within the reserve. Analysis revealed that the tiger habitat was more in jeopardy from 
fragmentation along the periphery rather than in the core of the park, where permanent 
settlements were located. The communal property institution, which governed interior 
forest resources and settlements, maintained persistence of the forest system because of 
community reliance on non-forest timber products.  
LULCC research can be conducted to determine whether certain ICDPs and 
community-based conservation objectives are fulfilling goals for conservation and for 
communities (e.g., Nagendra et al., 2004b; Pfeffer et al., 2005; Johannesen, 2006; Mena 
et al., 2006; Roy Chowdhury, 2006). Development projects in park buffer zones may 
have different results for LULCC in core reserve areas depending upon local 
circumstances, decision making structures, and financial support (Nagendra et al., 
2004b). Roy Chowdhury (2006) uses an integrated methodology of social and 
biophysical variables to determine how forest conservation within Calakmul Biosphere 
Reserve, Mexico is successful because of local integration. Roy Chowdhury (2006) used 
parameters of land cover trajectories in the Calakmul core and buffer zone correlated 
with institutional variables to examine how different forms of land tenure factor into 
deforestation patterns. However, in the Cuyabeno Wildlife Production Reserve in 
Ecuador, the buffer zone has had deleterious effects for the protection of the core reserve 
area by increasing fragmentation (Mena et al., 2006; Messina et al., 2006). The reasons 
for increased LULCC were due to institutional factors that altered boundaries and 
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changed land tenancy around the reserve, thereby allowing petroleum exploration and 
extraction, and facilitating the move of colonists into the region. The pressure of an 
expanding agricultural frontier, along with development in the region, increased the 
patterns of fragmentation within the buffer zone (Mena et al., 2006; Messina et al., 2006).  
Land Cover Change in Tropical Highland Environments 
Analyzing land cover change patterns in tropical highland protected areas are 
challenging, yet increasingly important for understanding the social and biophysical 
aspects of global change (Grabherr et al., 2003; Sarmiento et al., 2004; Hansen and 
DeFries, 2005; Huber et al., 2005; Lebel, 2005; Rhoades et al., 2006). The complexity of 
land use and land cover change research in the Andes is augmented by coupled social-
ecological systems and the challenges inherent with geospatial data captured in mountain 
regions (Sarmiento et al., 2004). Sarmiento (2002) addressed the fact that Andean 
mountain vegetation is dominated by the anthropic pressures that have been exerted in 
Tropical America for millennia. People are engaged in a variety of livelihood strategies 
that sometimes result in changes in population, mobility, and different land use patterns 
(Leatherman et al., 1995; Jokisch and Lair, 2002). The transformation of the global 
economy has translated into broad scale patterns of landscape change, development of 
new forms of infrastructure, and very local changes in agropastoral techniques (Young et 
al., 2006a). 
Changes in land use in mountain regions may also result in a variety of spatial 
patterns from disturbances that are common in mountain environments, such as 
landslides, erosion, and avalanches, which can be modeled with GIScience for improved 
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management (Butler and Walsh, 1994; Walsh et al., 1994; Hansen and DeFries, 2005). In 
an interesting study in south central Ecuador, Vanacker et al. (2003) examined land use 
and cover change with aerial photographs over a 33-year period to assess disturbance 
from water erosion. The results show that urban intensification facilitated clearing of 
forest cover on slopes, thereby facilitating agricultural extensification and intensification 
on existing sites. However, the simultaneous demand for fuelwood promoted 
afforestation of Eucalyptus plantations on cleared sites, thus according to the authors, 
reducing erosion and other slope-related disturbances.  
Water resources locked in mountain glaciers serve as essential freshwater 
resource to people living within tropical highland watersheds (Orlove, 2005; Rhoades et 
al., 2006; Young and Lipton, 2006). Irrigation canals since pre-Columbian times up 
through today act as critical community systems, integral to community institutions and 
Andean agropastoral production (Denevan, 1970; Salomon et al., 1991; Orlove, 2002). 
Livelihood and landscape patterns may reflect adaptations to incipient climatic change. 
Certain adaptations may be subtle and it may be difficult to disentangle causal linkages 
and anthropogenic drivers of change. The alteration of both vegetation and demographics 
in mountain regions has had an impact on water resources, as well as biophysical cycles 
(Vanacker et al., 2003; Tasser et al., 2005). Keating (1997) defined other land use 
changes in the study of disturbance ecology on woody species in the paramo of 
Podocarpus National Park, Ecuador. Results demonstrated that fire and anthropogenic 
disturbance created different patterns of regeneration of shrub and paramo land cover. 
Tasser et al. (2005), Walsh et al. (2003), and Kintz et al. (2006), found with changes in 
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land use, demographic shifts and climate change, forest boundaries at the alpine treeline 
ecotone are moving upslope in Europe, the USA, and Peru, respectively.  
Glacial cover change, mapping of faults and moraines, and hydrologic estimates 
are all studies that have been conducted recently on global environmental change in the 
Andes (Ames et al., 1989; Kaser and Georges, 1997; Mark, 2001; Mark, 2004; Silverio 
and Jaquet, 2005; Brandt and Townsend, 2006; Raup et al., in press). The data on rates of 
glacial recession, combined with changes in temperature and ice core data, substantially 
validate that climatic change is occurring in the tropical Andes (Thompson, 2000; Kaser 
et al., 2001; Vuille et al., 2007). Estimates of reduction in glacial cover between the years 
of 1962 and 2004 in the Cordillera Blanca mountains in Huascaran National Park are the 
focus of three recent studies (Georges, 2004; Silverio and Jaquet, 2005; Raup et al., in 
press). The studies build upon earlier glaciological cover analysis by Ames et al. (1989) 
by using Landsat and SPOT Data. Multiple methods are employed to extract the exact 
boundaries of glacial cover in the Cordillera Blanca using different datasets. However, 
what is really of interest is not just the extension of the lobe, but also rather the volume of 
the mass of ice within the basin. Mark and Seltzer (2005) document the volume lost 
through techniques of mass balance and volumetric equations. Other immediate concerns 
associated with the findings are the land use and land cover implications that may occur 
in tandem or in response to changes in climate. 
Data Considerations for Tropical Mountain Environments 
A limitation of working in tropical mountain environments is the ability to obtain 
appropriate geospatial data that have sufficient temporal and spatial resolution (Sarmiento 
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et al., 2004). For example, Digital Elevation Models (DEMs) are often compiled from 
digitized national topographic maps. In many nations, the topographic maps are outdated, 
sometimes erroneous, and at a coarse spatial resolution. Access to free and more 
complete DEM data are available from the Shuttle Radar Topography Mission (SRTM) 
from the USGS. However, in mountainous regions the amount of backscatter to the radar 
may result in gaps in the data and erroneous results.  
There are a number of data issues to consider when working with geospatial data 
in mountain environments. Dependent upon the mountain landscape and rugged terrain, 
there are scene related effects of topography, atmosphere, and adjacency, which can 
result in visual exaggeration of relief. Moderate resolution satellite imagery capturing 
data over mountain environments is subject to radiometric distortions and complexities 
cast by shadows. Anisotropic reflectance is the variation in the angle of incidence and 
reflection of electromagnetic energy as a result of slope and aspect (Teillet, 1986; Meyer 
et al., 1993; Jensen, 2000). This variation is one of the biggest problems associated with 
remote sensing in topographically complex and heterogeneous mountain environments 
(Holben and Justice, 1980; Meyer et al., 1993; Colby and Keating, 1998). Solar 
illumination reflecting and scattering from steep slopes and aspects in mountainous 
terrain relative to the incidence angle and the exitance angle of the sensor creates a visual 
effect of relief (Holben and Justice, 1980; Teillet, 1986).  
Radiometric calibration errors create what Teillet (1986) grouped as scene-related 
radiance effects and may result in variances in pixel brightness values for the same 
objects. Meyer et al. (1993: 19) determine that issues of topographic normalization need 
to be considered in the following: areas covered by shadow, slopes with high surface 
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albedo resulting in a brightening effect on adjacent pixels, optical thickness of the 
atmosphere, and irradiance on a pixel due to solar zenith and ground geometry. The 
variable directional reflectance can confound land cover spectral characteristics and 
produce incorrect vegetation spectral information. In addition, shadows from solar 
azimuth angles and time of day of data capture obscures spectral information. Scene-
related effects from illumination have different correction techniques and minimize the 
radiometric distortions.  
Topographic normalization is applied to minimize terrain effects and to achieve 
the absolute radiance values for imagery prior to performing a change detection (Jensen 
2006; Meyer et al. 1998, 2004). Topographic normalization models are available to 
counteract the problems of terrain-induced illumination and many of them require 
ancillary information apart from the scene. Colby (1991) tested the following three 
correction methods statistical-empirical correction, cosine correction (Lambertian), and a 
Minnaert Constant Method (non-Lambertian) on Landsat imagery from Rocky Mountain 
National Park. Results showed that correction for topographic effects were significantly 
improved after employing the Minnaert constant on the scene. The Minnaert correction 
method is best when a locally-derived k value is computed because a universal coefficient 
does not account for local alpine heterogeneity and complexity (Bishop and Colby, 
2002). In this research, spectral band ratios, as described in Chapter 3, were used for 
topographic normalization. 
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Correction Method Information Needed Sources: 
Statistic-Empirical 
Correction  
LH = LT – cos (i) m – b + LT 
Two different images Colby 1991; Meyer 
et al. 1993, 
Cosine Correction 
(Lambertian) 
LH = LT  Cos (sz) 
                  cos (i) 
Account for  surface 
reflectance, Imagery, DEM, 
solar azimuth, solar zenith 
Colby 1991; Meyer 
et al. 1993, 
Ekstrand 1996 
Minnaert Method (non-
Lambertian) 
LH = LT  Cos (sz) K 
                  cos (i) 
Account for  surface 
reflectance, Imagery, DEM, 
solar azimuth, solar zenith, 
locally derived k-values  
Colby 1991; Meyer 
et al. 1993; Bishop 
et al. 1998; Colby 
and Keating 1998;  
C-Correction (semi 
empirical) 
LH = LT  Cos (sz)  + c 
                  cos (i) + c 
Account for  surface 
reflectance, Imagery, DEM, 
solar azimuth, solar zenith 
Ekstrand 1996; 
Spectral Band Ratio Dividing spectral values 
from one band to another to 
distinguish cover types 
Ekstrand 1996; 
Colby and Keating 
1998  
Table 5.2: Topographic normalization methods for improved classification in mountain 
areas.  
5.3 RESULTS 
Land Cover Classification 
Land cover categories were determined through fieldwork, interviews with 
specialists familiar with the region, and personal observations. Land cover classification 
categories were partly based upon the floristic structural composition within the national 
park as described by D.N. Smith’s extensive dissertation work on the Flora of HNP 
(Smith, 1988). Smith’s research goal was to create a florula for the Cordillera Blanca 
mountain range of HNP. His research motivations were partly because the site of the park 
is at the biophysical juncture of paramos and the northern extension of puna. At the time 
of Smith’s fieldwork (1984 – 1987), Asteraceae and Poaceae together accounted for 26% 
 198 
of the genera and 34% of the species in the total flora (Smith 1988: 45). Smith did not 
conduct research on the plant community scale, however he did document a general 
overview of the vegetation types and plant communities from which the land cover 
classification of this research is based. In response to Rindfuss et al. (2004a) with regards 
to the departure of the research questions, the motivations for this research was based on 
questions about the landscape and selected the scale for within the boundaries of HNP 
and BZ (Rindfuss et al., 2004a). The land cover classification schema, modified from 
Anderson et al. (1976) and based on plant communities identified by Smith (1988), 
attempts to identify relatively homogenous, discrete categories of vegetative or 
biophysical cover.  
The land-cover categories (Figure 5.1, Table 5.3) were defined for homogenous 
areas and mappable units representative of the various land covers found within and on 
the periphery of the park. The process of defining the classes went through multiple 
iterations in order to achieve optimal categories that would satisfy research questions, 
stakeholder input, and floristic inventories. The land cover classes coincide with other 
classifications for the region (e.g., Kintz et al., 2006) and therefore, can be integrated into 
other projects, research and analyses. Information on land use is contained in this 
classification, in the Urban or Built-up class and Cropland class. The following 
descriptions of vegetation zonations with representative examples of species were 
compiled during fieldwork and are from previously published information by Cerrate 
(1979), Smith (1988), Kolff and Kolff (1997), and Cano et al. (2005). This classification 
resulted in sufficiently defined land cover classes for Huascaran National Park and buffer 
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zone. The categories of the land cover classification roughly follow this ecozonation 
description and will be clarified below.  
 
 
Figure 5.1: A) view of Huascaran with Quinoa crop in foreground; B) cushion plants at 
4940 m with notebook in front demonstrating scale; C) Polylepis sp. 
patches; D) tussock grasslands in U-shaped valley (all photos were taken in 
2001-2003 in various locations throughout HNP, by author) 
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Land Cover Class Definition 
1. Barren / Urban Completely exposed ground, mostly rock, scree, or dry 
river bed, Areas of impervious cover, infrastructure 
1.1 Roads Areas of impervious cover, linear features 
1.2 Mines Areas with infrastructure, significant surface 
expression with removal of vegetative cover and 
overburden (Anderson et al., 1976).  
2. Water Includes lakes, river systems with water 
3. Shrubland Woody shrubs and forbs, xeriphytic vegetation 
3.2 Mixed Shrubland/Grassland Dense woody shrubs, forbs, and grasses 
4. Mixed Shrubland/Woodland Dense woody shrubs, forbs, and dwarf trees. Note: 
This also tended to include boulder sites, many 
woodland patches are surrounded by (or protected) by 
boulder fields. 
5. Woodland Patches of dwarf and tall tree cover; Eucalyptus, 
Polylepis, Aliso, Schinus, Pinus 
5.1 Deciduous and Riparian Forest Predominantly trees located along mid-elevation 
slopes, Eucalyptus, Aliso, etc. 
5.2 Dwarf woodland  Patches of dwarf woodlands found in higher elevations 
(Polylepis, Gynoxis, Baccharis) 
6. Puna Grassland Tussock vegetation of bunch grasses, forbs, 
bryophytes 
6.1 Mixed Grassland/Wetland Grassland with mesic areas of wetlands, Carex, Juncus  
6.2 Mixed Grassland/Sparse Grassland that is very sparse, high presence of exposed 
soil/rocks, low percent cover of grasses with 
perennials and annuals 
7. Sparse mixed with barren Very sparse areas of vegetation thin soils, exposed, 
rocky  
8. Cropland Areas with mixed active agricultural production 
(maize, alfalfa, barley, corn, potatoes, beans) 
8.1 Mixed Cropland/Scrub Areas of agricultural production cropped and in fallow, 
mixed with dense woody vegetation, shrubs 
9. Permanent Wetland Areas of standing water or mesic conditions where 
vegetation is adapted to or requires saturated soils, 
Permanently mesic conditions, saturated soils 
10 Seasonal Wetland Seasonally mesic or ephemeral conditions depending 
upon precipitation 
11. Glacier, Snow, and Ice Zones of permanent snow and ice cover, includes 
lobes and periphery, rock covered debris 
12. Topographic Shadow Areas with shadow on steep slopes 
13. Clouds Clouds that obscure ground conditions 
Table 5.3: Land cover classification (hierarchical and primary) used for LULCC at HNP. 
Topographic Shadow (Class 12) and Clouds (Class 13) were masked from 
both scenes for comparative analysis.  
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Agro-Ecological Zone 
The buffer zone of the national park is situated approximately within an elevation 
zone of 2500 – 3500 meters. Vegetation within this range is predominantly for 
agricultural or economic purposes because the majority of the park’s peripheral 
population resides within this area. Urban or built up areas and road infrastructure within 
the Santa River Valley and in the Callejon de Conchucos is concentrated within this 
elevation gradient (Figure 2.1). Roads and mines are distinguishable by their non-
random, linear pattern while human settlements scattered throughout this elevation zone. 
While this is the principal zone for agricultural production, many Andean residents 
practice land use strategies that overlap and utilize multiple elevation zones for a variety 
of crops, pastoralism, and to buffer against agricultural risks (Brush, 1976; Guillet, 1981; 
Mayer, 1985; Zimmerer, 1999).   
The agro-ecological zone is mostly modified by human action through patterns of 
agricultural land use. In the classification scheme outlined in Table 5.5, this is known as 
cropland and is a category that uses land cover as a surrogate for land use. Patterns of 
land use that occur within this zone and into the core of the National Park are elaborated 
upon in Chapter 6. External and internal to the Buffer Zone, a mosaic of barley, wheat, 
maize, peas, beans, potatoes, herbs, alfalfa, flax, intermixes with fruit orchards, home 
gardens, and flower production for the national and international market, greenhouses, 
grazing land, and fallow land. Many Andean economic species that are found in the 3500 
– 4000 m elevation range. Tubers, such as oca (Oxalis tuberose), olluco (Ullucus 
tuberosus), potatoes (Solanum tuberosum), tarwi (Lupinus mutabilis), Quinoa 
(Chenopodium quinoa), kiwicha (Amaranthus caudantus), and barley (Hordeum vulgare) 
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are cultivated in this range and above. In addition to cultivation, there are many useful 
species (including a number that were identified above) for local medicinal, livelihood, or 
traditional purposes. 
A wide array of productive agricultural land, fed by irrigated and dry farming 
systems, is utilized for a diversified subsistence economy based upon agropastoral 
production, tourism, mining, pisciculture, forestry, and medicinal plant uses. 
Communities and individual homes are found within the buffer zone lending to the 
modification and parcelization of the mosaic.  
Lower Montane Scrub  
Scrub is present in the agricultural mosaic that characterizes the landscape below 
3,500 m elevation. Locations that are in the agro-ecological zone, which are in fallow or 
unsuitable for production are identified in the classification as Mixed Cropland/Scrub. 
Very common throughout the entire park periphery, especially in areas of disturbance, are 
the yellow flowers of introduced retama, Spanish Broom (Spartium junceaum or Cytisus 
scoparius). A member of the Fabaceae Family, retama is an evergreen shrub that grows 
in dry, thin, sandy and rocky soils. Considered a weed in many places around the world, 
the abundance of retama is spread not just by its own opportunistic dispersal of dried 
seedpods, but by the daily use, cutting and carrying of retama plants and flowers by 
many inhabitants and is valuable as a food source for raising cuy, or guinea pig.  
The vegetation zonation below elevations of 4000 m supports a wide variety of 
vegetation associations. One of the more dominant vegetation types is considered in this 
classification as Scrub, which are woody shrubs intermixed with grasses, herbaceous 
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plants and forbs. The ambiguous category of Scrub also pertains to shrublands and shrub-
grass associations, including a high percent cover of woody shrubs that are more 
dominant than intermixed shrubs and grasslands. Shrub species that are very common in 
this region of the Andes include those of Cassia hookeriana, Tecoma sambucifolia, and 
Escallonia resinosa. Predominantly, on the eastern slopes are shrubs from the Fabaceae 
and the Melastomataceae. The dwarf tree species of Kageneckia lanceolata, known 
locally as Lloque, intermixes with the scrubland and provides a durable wood for local 
inhabitants. It can also have dense coverage throughout a wide-range of elevations. In the 
lower montane scrub zone are patches of wild potato or Papa silvestre (Solanum sp.) or 
Solanum hispidum and sub-shrubs in the families Scrophulariaceae and Asteraceae.  
Many of the shrubs grow to and above approximately 2 meters tall and are within 
the Fabaceae Family or the Asteraceae Family, but also include the locally well-known 
herb of ortiga macho (Loasa grandiflora). Upper elevations of the scrubland zone also 
have Ribes cuneifolium, from the Grossulariaceae Family. While the arid scrubland is 
known for shrubs that may stand up to 2 meters tall, the environment also supports many 
herbaceous understory plants, such as the Lamiaceae or Mint Family, Alonsoa linearis, or 
Colletia spinosissim. Colorful herbaceous and low growing plants are site specific 
depending upon disturbances, land use, climatic regime, and aspect. These are known to 
adorn the ground along rocky, dry well-drained soils and mix with forbs and other 
ground-dwelling plants. 
Many scrub species described above are often found on lands that are fallow, 
especially after a 5-year and longer fallow period (Sanchez, personal communication, 
2001). In the southern and eastern portion of the park periphery, rocky, arid land cover 
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and soils provides suitable ground for the development of sparse scrub and xerophytic 
vegetation. The endemic Furcraea occidentalis Trelease is a rare species that has adapted 
to very specific conditions within the park on the arid, northwestern slopes (Smith, 1988). 
Also, present in some places in the northern extent of the park and found throughout the 
region in elevations below 3500 m is maguey (Agave americana), commonly referred to 
in Quechua as penca blanca. Penca can be found on both eastern and western slopes and 
is used as a natural barrier between crops, a natural fence, and as paddocks for animals by 
local inhabitants. Rope that is strong and durable can be made from the penca fibers. On 
more than one occasion, informants discussed the use of penca for water filtration and 
purification.   
Tropical Dry Forest 
The tropical dry forest is collapsed in the land cover classification (Table 5.5) into 
a primary category of woodland that is subdivided into two distinct forest types: 1) 
deciduous and riparian forest and 2) dwarf woodland. Plantations of Euculyptus globulus 
and Pinus radiata grow in mostly discrete patches within the park buffer zone. The 
understory in both of these forest patches is absent. Eucalyptus can be found above 3600 
meters in a few locations. Eucalyptus were introduced in the late 1700s from Australia 
and planted first into a house garden in Lima, however their predominance globally has 
spread through re- and afforestation efforts funded predominantly by the Food And 
Agriculture Organization (Doughty, 2002). They are used predominantly for reforestation 
for community forestry in HNP and BZ and elsewhere (Vanacker et al., 2003). 
 205 
Eucalyptus are frequently found as windbreaks, along roadsides, slopes, and within 
community plantations.  
In elevations below approximately 3750 m, following along river and stream 
drainage paths are tropical humid montane forests. This humid riparian forest zone also is 
situated along rocky slopes where adequate moisture supports the growth of Andean 
Alder (Alnus acuminata). The broad-leaved deciduous to semi-evergreen tree can grow 
quite tall and has an understory habitat that is dominated by shade-loving, moist shrubs, 
herbs and forbs. The trees and shrubs that can be found growing within this zone are 
Schinus molle, Vallea stipularis, Eucalyptus sp. and Jungia paniculata. There are also 
many ferns and bryophytes, as well as the low-growing groundcover of Peperomia 
hartwegiana. Dense forests of tropical humid riparian forest cover exist on both western 
and eastern slopes of the Cordillera Blanca. However, they are common in areas of the 
eastern slopes, where valleys descend into the more humid portion of the tropics, while at 
higher and drier elevations the forests intergrade into scrub.  
Puna Grassland Zone 
The area known as the Puna, or Jalca, as it is known in Quechua, falls within the 
altitudinal limits of approximately 4000 to 5000 m. This zone may be referred to as 
alpine Puna grasslands and is frequently divided into the Upper Puna, referred to 
colloquially as parte alta (~4,500 m and up) and Lower Puna, parte baja (~4,000 – 4,500 
m) (Cerrate de Ferreyra, 1979; Tovar and Oscanoa, 2002). However, there are many plant 
communities, including woodland and shrubs, which thrive in this range in addition to the 
broad category of grasslands. As noted by Cerrate (1979) this area is anthropogenically 
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modified as a result of grazing by cattle, sheep, and other ungulates for many years. Other 
types of disturbances include the role of fire, started by humans or by lightning, which 
impacts the herbaceous cover of this zone.  
Tussock grasses and mixed forbs are within the Puna Grasslands. Grasses of the 
higher elevations include the tussock grasses, known locally as ichu, which are 
principally Gramineaes of the Poaceae family including Calamagrostis, Agrostis, 
Festuca, Stipa and Poa. These grasses are native grasses and grow in dense compact 
clusters, able to withstand intense winds by supporting themselves with rigid stems and 
roots (Tovar and Oscanoa, 2002). Interspersed with the areas of dense grasses in the 
higher elevations are thin soil areas, rocky outcrops, forbs and bryophytes. Nototriche sp. 
and other high Andean plants can be found wedged into shielded rock facies.  
The Lower Puna grasslands that are found in smooth, flatter, sloping areas are a 
combination of grasses, forbs, and other vascular plants. Grasses of the Family Poaceae, 
(listed above) are found intergrading with other forbs and herbaceous cover. Plants from 
the families Gentianaeceae and Scrophulariaceae often appear as delicate and colorful 
yellow, red, blue, and pink flowers amidst the hue of the grasslands. Dense clusters of 
plants that thrive in more mesic and disturbed conditions, such as Werneria, Astragalus, 
Lupinus, Muhlenbergia, and Pernettya pattern the Puna grasslands. Endemic to this 
region and found in the buffer zone and core of the park is the Puya raimondii. In the 
Bromeliaceae Family, it is a giant rosette that grows above 4,000 meters elevation to a 
height of over eight meters when it reaches maturity. There are isolated patches of the 
Puya raimondii found at many higher undisturbed elevations in the Cordillera Blanca and 
on the eastern dry slopes of the Cordillera Negra.  
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As the Puna has long been an important and utilized landscape by humans, there 
are certain disturbance species that have colonized the grassland environment. In high 
density grazing zones (which includes most of the interior of Huascaran National Park) 
the presence of disturbance or invasive species, such as the cactus Opuntia flocossa can 
be identified. Opuntia, found in an association with Ephedra, a gymnosperm is 
considered an indicator species of overgrazing. Two other species of herbaceous 
disturbance plants are Aciachne pulvinata and Astragalus garbancillo which are 
frequently found in areas with either sparse or barren of native grasses (Salvador Poma, 
2002; Tovar and Oscanoa, 2002).  
While the Puna is best known for the grassland association, the presence of dwarf 
woodlands communities and woody shrubs occupy areas where there is sufficient 
moisture, warmth, and soil. Woodlands, of the Rosaceae Family, Polylepis, locally 
known as Quenuales or Quinuales, create patches that occupy areas up to at least 5,000 
m in the Andes Mountains. The forest patches are often intermixed among rocky 
outcrops, which results in an open understory that allows vegetation associations to 
develop. The woodland patches generally form a complex of Polylepis, and other trees of 
Buddleia incana, Gynoxis oleifolia, and a variety of understory plants. The parasitic plant 
Tristerix longibracteatus is frequently found woven around the branches of the 
Quenuales. The native trees of Polylepis are known to provide important habitat for a 
number of endemic bird species that occupy the mountain areas (Fjeldså et al., 1999). 
A vegetation community of mid to high woody shrubs can also be found in the 
Puna and identified in the classification as mixed scrubland/grassland. Shrubs in the 
upper Puna are often located at microsites, such as where large boulder fields form heat-
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pockets and there is adequate moisture. The shrub communities exist as heterogeneous 
clusters of woody plants represented by different species, such as Chuquiraga spinosa, 
Buddleia coriacea, Satureja elliptica, Gynoxis sp., Agaratina azangaroensis, Lupinus sp., 
Oreocallis grandiflora, and many others. The Asteraceae is the most represented family 
of the Puna shrubland with mid to high shrubs growing in intermittent clusters. Other 
shrub species, which are present in high amounts on the higher slopes of the range, 
include Hypericum laricifolium, Monnina salicifolia, Baccharis genistelloides and others. 
In lower, smooth sloped areas, these shrubs intergrade with grasslands and other forbs 
depending upon the disturbance and edaphic conditions.  
Andean Wetlands and Lithophytic Zones 
Frequently, throughout the zone of the Puna, the thin soils of the grasslands 
intersperse with more mesic soils, that may be ephemeral wetlands, bogs, or continually 
submerged wetlands. These wetlands, known as oconales, humedales, and bofedales, are 
not confined to just low slope zones, but actually create perennial wetlands along slopes 
of over 35%. Within these mesic areas, cushion plants are frequently found in the 
oconales with the species of Distichia muscoides, Isoetes, and Plantago rigida. Along 
shorelines of high Andean lakes and in areas that are continually submerged are other 
species that thrive in the submerged wetland environment. The most dominant species 
and Genera that occupy seasonal and annual wetlands include Juncus, Carex spp., 
Elodea, Lilaeea, spp., Scirpus rigidus, Lycopodium crassum, Rumex, Ranunculus, and 
Senecio. There are also amphibian and other life forms that occupy the environmental 
niche provided by permanent and seasonal wetlands. 
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Another characteristic of the Cordillera Blanca landscape are the steep, rocky U-
shaped valley cliff sides. Formed from glacial scouring and blown daily from upwelling 
and down-drafting strong winds, there is vegetation that adheres and thrives in these soil-
deficit conditions. Lichens, bromeliads, ferns, and other small, strong epiphytes occupy 
the moist, warm, rocky crevices along the sides of these deep, U-shaped valleys. 
Epipetric plants of Bromeliaceae, including Puya angusta, Puya cerrateana, and 
Tillandsia sp., grow from rocky outcrops and also affix themselves as epiphytes to tree 
branches in woodland groves. 
Tropical Subnival (Sparse and Barren) Zone 
Occupying the area between puna grasslands and glacial cover is a zone of sparse 
and barren land cover. Typically, few vascular plants can grow in the subnival area, 
although cushion plants are one of the foremost-adapted associations to the high Andean 
subnival conditions. Low stature, compact formed cushion plants of the species Azorella 
spp., Aciachne pulvinata, Distichia muscoides, Plantago rigida, and others are known to 
occupy more mesic and vernal pool areas of the subnival zone in HNP and BZ. These 
plants maintain long roots that allow for mobility during daily cryoturbation in high 
Andean wetlands (Cerrate de Ferreyra, 1979; Smith, 1988; Arroyo et al., 2003; Cano et 
al., 2005). 
In other areas of the Andes, cushion plants, such as Azorella monantha, provide a 
nurse effect for other species by altering the temperature and wind, as well as enhancing 
moisture and water availability (Arroyo et al., 2003). More research could be done on the 
species area relationship between the cushion plants of HNP and recruitment of other 
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species. In addition to cushion plants, there are a few other vascular plant species, such as 
Stangea henricii (Valerianaceae), Ranunculus macropetalus (Ranunculaceae), 
Weberbauera perforata (Brassicaceae), Senecio serratifolium (Asteraceae), 
Pycnophyllum, Mniodes, Loricaria, and a few other Genera that are equipped to 
withstand the conditions of these elevations. Frequently, these plants are found in 
microsites and are isolated to an area that is sheltered from the wind but also receives 
enough sunlight to photosynthesize during the season. 
Accuracy Assessment 
The calculation of accuracy assessment is fundamental for estimating error, 
accuracy, and usefulness of the land cover classification (Congalton, 1991, 2001). Post-
classification accuracy assessments were performed on the 2001-mosaicked scenes. The 
2001 imagery coincided with the time when fieldwork was initially collected and 
therefore, reference data were used for the assessment. Retrospective data obtained from 
interviews, although important for evaluating land use and land cover change, was not 
used for accuracy assessment for the 1987 imagery. In addition, detailed field data were 
not available to test the 1987 scene accuracy. As stated above, at least 80 field data points 
were held in reserve for each land cover class, except glacier and cloud cover, in order to 
perform the accuracy assessment. A nonprobability sampling scheme based on the 
number of land cover categories and the distribution of each reference sample points per 
land cover type established the method of accuracy assessment (Stehman, 2001).  
At least 75 to 100 samples per category were required for accuracy assessment of 
the multiple class classification (Congalton, 2001). Many attributed data points from the 
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original 2615 collected were reserved for training data in determining the classification 
and therefore, not used for the accuracy assessment. At least 250 points were in reserve 
and used as GCPs for geometric correction. There were supplementary data points 
collected in specific land cover areas due to accessibility and repeated trips to the site for 
other forms of data collection. The field reference points were affixed via their 
coordinates onto the classification to determine the actual vs. classified image accuracy. 
After evaluating the selected sample points, an error matrix was constructed to compare 
the land-cover classification map to reality. The following information was computed 
from the error matrix: overall accuracy, producer’s accuracy, class specific accuracy, and 
a Khat or (Cohen’s Kappa) Statistic.  
The error matrix with overall, producer’s and user’s accuracy by class can be 
found in Table 5.6 for the two different classifications. As noted the overall accuracy for 
the classification of test 1 (with Bands 1-5 and 7) was 77.87% with a KHAT Kappa 
Coefficient of 76%. These results are considered less than the targeted acceptable 85% 
accuracy (Foody, 2002). However, when examining the producer’s and users’ accuracy 
one can see that due to the shadow class and the sparse vegetation class there is a lower 
than desired results (Table 5.4). This is also due to topographic complexity, mixed 
heterogeneous classes, and geometric correction.  
Confusion occurred primarily in the shadow class, which may be expected given 
the time of day data were collected. Additionally, the shrubland class had a higher 
confusion with grassland, wetland, and predominantly cropland. This may relate to the 
adjacency and interspersal of scrub throughout the entire mosaic and the relatively 
smaller size of shrubland patches. The woodland class also was fairly mixed with the 
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grassland class. This probably has to do with the collection of points around the outside 
of patches, which frequently were proximate to grassland areas. Also, woodland patches 
are often narrow strips on the boundaries of other classes. The urban-barren class tended 
to be accurately represented. This is due to the fact that if the reference point was 
considered urban/barren, urban/mines, or urban/roads, it was included within the primary 
barren class. In addition, this class is the most fixed of all and expressed clearly in the 
landscape. Water and cropland tended to have the highest commission or users’ accuracy 
with 88% and 87.5% respectively. This could be attributed to the fact that reference data 
points were taken well within the boundaries of large homogenous units of land cover 
types and were acquired during the same season the scenes were captured. 
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Table 5.4: Accuracy Assessment for 2001 path 8 row 66/67 mosaicked classification 
 URBAN CROPLAND SCRUBLAND WOODLAND GRASSLAND WETLAND SPARSE BARREN WATER SNOW SHADOW Total 
URBAN 79 2 0 0 0 0 4 6 0 0 0 91 
CROPLAND 4 132 8 2 3 1 0 0 0 0 0 150 
SCRUBLAND 0 9 107 4 7 0 2 0 0 0 5 134 
WOODLAND 0 2 4 96 1 6 3 0 0 0 7 119 
GRASSLAND 2 5 9 8 114 4 6 5 0 0 6 159 
WETLAND 0 4 8 6 2 87 0 0 8 0 0 115 
SPARSE 0 0 2 3 4 0 69 9 0 9 4 100 
BARREN 2 0 0 0 5 0 5 126 0 7 0 145 
WATER 0 0 0 0 0 2 0 0 91 6 5 104 
SNOW 1 0 0 0 0 0 4 6 6 83 3 103 
SHADOW 0 3 9 4 7 3 8 0 4 9 12 59 
Total 88 157 147 123 143 103 101 152 109 114 42 1279 
             
Error Omission        Commission           
URBAN 89.77% 86.81%   Overall =77.87%       
CROPLAND 84.08% 88.00%   Khat N =1279       
SCRUBLAND 72.79% 79.85%   Khat total =76%       
WOODLAND 78.05% 80.67%           
GRASSLAND 79.72% 71.70%           
WETLAND 84.47% 75.65%           
SPARSE 68.32% 69.00%           
BARREN 82.89% 86.90%           
WATER 83.49% 87.50%           
SNOW 72.81% 80.58%           
SHADOW 28.57% 20.34%           
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Spatial Dynamics of Land Cover Change 
Landsat images from 1987 to 2001 for HNP and BZ were classified using the 
aforementioned procedures to examine patterns of land cover change in the landscape 
(Figure 5.2). Using a DEM, slope, and aspect the spatial dynamics of land cover classes 
are described below. Classified images were segmented into the variables of interest, the 
interior of HNP, the buffer zone (BZ), and a 500 m and 1 km area on both sides of the 
HNP-BZ boundary, and an analysis on 500 m and 1 Km on both sides of any roads that 
traversed the study area boundary. First, a description will be given of overall land cover 
for the full study area and BZ, followed by a comparison of the results from the 
segmented variables. 
Descriptions of the land cover classes in terms of amount of area (in hectares), 
percent cover, and percent of change between 1987 and 2001 for 10 classes of HNP and 
BZ are depicted in Table 5.7. Overall, the individual classifications for 1987 and 2001 
reveal that the greatest proportion of area inside the park and in the BZ is grassland cover 
at 46% and 47%, respectively. According to an extraction of grassland cover from the 
2001 classification and a DEM, 72% (202,716 ha) is above 4000 m at a juncture between 
the paramo and puna grassland biome. This is particularly noticeable in the southern 
portion of the study area due to the majority of the elevation situated above 4000 m. A 
land cover class that is intermixed at all elevation gradients is the mixed sparse-fallow-
barren land cover. This class includes fallow lands or very thin rocky soils with very 
sparse herbaceous cover.  
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Figure 5.2: Layout of select scenes of land cover from 1987 and 2001. 
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Change in land Cover of Park and Buffer Zone (1987 and 2001)       
  
1987  
Park & Buffer Zone % Cover 
2001  
Park & Buffer Zone % Cover 
(1987 – 2001) 
Change in hectares  
(1987 – 2001)  
% Change  
urban/barren/mine 47,893.94 8% 47,477.15 8% -416.79 -1% 
lakes and rivers 4,128.99 1% 4,254.62 1% 125.62 3% 
shrubland 47,001.82 8% 56,784.32 10% 9,782.50 21% 
shrub dense woodland 11,849.59 2% 13,425.36 2% 1,575.77 13% 
woodland 44,681.90 7% 35,230.61 6% -9,451.29 -21% 
grassland 274,757.21 46% 279,946.60 47% 5,189.39 2% 
sparse fallow scrub 47,415.91 8% 47,150.22 8% -265.69 -1% 
cropland 27,194.37 5% 18,304.05 3% -8,890.32 -33% 
wetland 2,111.01 0% 5,931.54 1% 3,820.52 181% 
mesic grassland 24,140.00 4% 27,204.77 5% 3,064.77 13% 
glacier 66,563.40 11% 62,029.42 10% -4,533.98 -7% 
  597,738.14   597,738.65       
Change in Land Cover of Park Core           
  1987 Park Core % Cover 2001 Park Core % Cover Change in hectares  % Change  
urban/barren/mine 42,867.55 13% 43,285.78 13% 418.23 1% 
lakes and rivers 3,149.26 1% 3,249.65 1% 100.39 3% 
shrubland 19,824.18 6% 23,774.23 7% 3,950.05 20% 
shrub dense woodland 4,289.57 1% 5,271.91 2% 982.34 23% 
woodland 17,079.42 5% 13,891.02 4% -3,188.41 -19% 
grassland 144,153.66 44% 146,328.87 45% 2,175.21 2% 
sparse fallow scrub 15,965.42 5% 16,961.73 5% 996.31 6% 
cropland 4,696.10 1% 3,083.46 1% -1,612.64 -34% 
wetland 493.93 0% 2,123.71 1% 1,629.78 330% 
mesic grassland 9,117.67 3% 8,161.49 2% -956.18 -10% 
glacier 66,515.56 20% 62,020.49 19% -4,495.07 -7% 
  328,152.33   328,152.33       
Table 5.5: Results of spatial and temporal dynamics of land cover in the study area in 1987 and 2001. Classes are 
described in Table 5.3. Change in hectares, percent cover, and percent are shown for the entire study 
area which includes the Park Core and Buffer Zone (top) and for the core of the park (bottom). 
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Shrubland is prevalent throughout the study area with the majority of patches 
present are between approximately 3100 m and 4600 m. Above this elevation, there are 
very few patches in both 1987 (880 ha) and 2001 (775 ha). In 1987, 8558 ha are growing 
on west-southwest aspect slopes and 7630 ha on south-southwest aspect slopes. By 2001, 
there are 11,115 ha of shrubland on west-southwest slopes and 9412 ha on south-
southwest aspect slopes. Cropland, as expected, is present predominantly in the BZ of the 
study area. There are a number of patches above 4200 m elevation in particularly the 
southeastern section of the full study area. However, when comparing the amount of 
cropland within the core of the park to the full study area (including the BZ), the amount 
is greater in the southeastern section and closest to the park border. However, the 
cropland cover class will be variable year to year due to the agricultural rotational cycle 
and patchwork use of land in the Andes. 
Mixed shrub and dense woodland cover, wetlands, and seasonal wetland are three 
other vegetation communities that comprise 9% of the total land cover for the study area. 
The mixed shrub-woodland cover includes areas that are boulder fields, given the 
glaciated and disturbed terrain are found in many of the highland valleys. Wetlands are 
significant in the study area and are often adjacent to the mesic grassland cover class. The 
seasonal wetland or mesic grassland cover is particularly noticeable along riparian areas 
and in glacial valleys on east-southeast slopes in 1987 and east-northeast slopes in 2001 
(Figure 5.2). Woodland cover is a combination of plantation, riparian, and high-elevation 
Polylepis spp. and Gynoxis trees. This cover is found at elevations below 5100 m in the 
two different study scenes. It can also be found following many of the river valleys on the 
western slopes, but is particularly dense on the eastern slopes in 2001.   
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Glacier-Ice-Snow and Urban-Barren-Mine are the two non-vegetation classes that 
offer an indication of biophysical land cover change for this study area. The glacier-snow 
class covers approximately 11% of the study area in 1987 and 10% in 2001. In 1987, 
10,271 ha of glacier-ice-snow cover lies on west-southwest slopes. This changes by 2001 
so that the largest extent of 9814 ha resides upon west-northwest slopes (Figure 5.3). 
However, in 1987 the lowest extent of a glacier is 4299 m while in 2001 it is at 4736 m. 
While these are estimates based upon the results of the classification and the resolution of 
the DEM, the 1987 elevations and locations are corroborated and validated by the 
detailed Glacier Inventory of Peru (HIDRANDINA, 1988). In 1987, the urban-barren-
mine land cover class appears as an extensive section of the debris flow near Yungay 
following the devastating 1970 earthquake. Whereas, by 2001 there are sections that 
remain as barren land cover, but most of the area was reclaimed by agriculture and 
scrubland (Figure 5.). However, there are extensive areas of barren in 2001 where 
glacier-ice-snow cover used to be in the 1987 classification. 
Spatial dynamics of land cover in Park Core  
  The land cover of the park core is distinct from the full study area (which 
includes the BZ) due to cropland cover largely reduced due to the elevation gradient and 
land use restrictions. When examining the park core for both 1987 and 2001, grassland 
cover predominates at 45% of the total land cover. The glacier-ice-snow class extends for 
approximately 20% in 1987 and 19% in 2001. Shrubland increased by 20% internal to the 
park core between 1987 and 2001 with an increase in 3,950 ha to be the second most 
dominant land cover apart from grassland. Dense shrub-woodland cover increased by 
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Figure 5.3: Glacier cover change in study area between 1987 and 2001. 
 
23% and became more present in mid and upper elevations in 2001. While, the woodland 
cover reduced by 19% (3188 ha) between 1987 and 2001 from 17,079 ha to 13,891 ha. 
The reduction of woodland cover occurs along the northeastern periphery of the park and 
within southwest facing valleys.  
Seasonal wetland and wetland cover classes are frequently adjacent to one another 
at elevations above 4800 m. In 2001, there is a reduction in seasonal wetland cover by 
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956 ha, a decrease by 10%, and an increase in wetland by 1629 ha. In the core of the 
park, these two land cover classes are not as significant in cover as the other vegetation 
classes (such as, shrubland, grassland, or woodland) but they are contributing factors to 
the dynamics of land cover and are indicative of other biophysical transformations.  
Temporal Dynamics of Land Cover 
In the full study area, shrubland went through the greatest expansion of cover 
from approximately 47,002 ha to 56,784 ha, an overall increase of 9782 ha or 21% (Table 
5.5). According to the from-to transition matrix (Table 5.7), pixels that were classified as 
grassland or cropland cover in 1987 comprised the largest expansion of shrubland cover 
by 2001. During that same period, cropland cover decreased by 8890 ha or 33% and 
fallow xeric scrub only slightly decreased by 1% (265 ha). The transition of cropland in 
1987 to shrubland in 2001 occurred in the northeastern section of the study area. This 
transition from cropland to shrubland may be a result of changing land use practices as 
indicated by interviews with informants. More about changing land use practices are 
documented in Chapter 6. According to informants from the eastern valleys, 62% 
indicated that land used for agriculture has decreased. Reasons cited for this include 
increased migration to the coast, the availability of jobs in other sectors including mining, 
tourism, and corporate farms, and decreased returns on agricultural crops despite 
increased investments (inputs from fertilizer). 
The woodland cover decreased by 21% to 9450 ha from 44,680 ha to 35,230 ha. 
According to the from-to matrix, 10,953 ha that were classified as woodland in 1987 
became grassland in 2001. Based upon field data, the classification of woodland as 
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grassland may be related to errors from the classification or misregistration between 
images. For one northern study valley, data points were acquired from the Huascaran 
Park Office. Interviews with field technicians indicated that a large fire occurred in an 
extensive woodland patch in 1999, which in 2001 is classified as grassland cover. 
Confusion between the mixed dense shrub and woodland class and woodland also may 
occur or it may demonstrate a real reduction in canopy cover in woodland patches. 
Seasonal wetland experienced an expansion of 3065 ha over the years in question 
but was relatively dynamic across the landscape. This is demonstrated by only 7245 ha 
classified as seasonal wetland in 1987 and 2001, with the remaining 19,960 ha classified 
as  cropland (6193 ha), grassland (4023 ha), woodland (3093 ha), sparse-fallow cover 
(2298 ha), shrubland (1957 ha), and mixed dense shrub-woodland (1434 ha). However, 
differences between years may be attributed to this class being more dependent upon 
climatic and seasonal characteristics than other classes. During attribution, this class also 
tended to be more mixed particularly with cropland, which required it to undergo cluster-
busting.    
There are a number of classes that were mostly stable over the years. Grassland 
cover was one of the most stable classes with 209,141 ha classed as grassland in 1987 
and 2001, yet undergoing a 2% increase in area overall. A transition of 18,342 ha of 
urban-barren-mine class to grassland occurred throughout the study area. The glacier-
snow-ice class also was predominantly stable with 2,853 ha classified as Urban-Barren in 
1987 becoming glacier-ice-snow in 2001. Conversely, 7768 ha that had been classified as 
glacier-snow in 1987 were classified as urban-barren in 2001, suggesting that the area of 
glacier cover transitioned to a barren land cover class, as suspected.  
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Figure 5.4: Land cover class comparisons for 1987 and 2001. Grassland class is not 
included in this graph because the total hectares of grassland in each year 
overwhelm the data for comparisons.
Landcover of Huascaran National Park 1987 and 2001
0
10000
20000
30000
40000
50000
60000
70000
Ur
ba
n 
-B
ar
re
n
W
at
er
Sh
ru
bl
an
d
M
ix
 S
hr
ub
-W
oo
dl
an
d
W
oo
dl
an
d
Sp
ar
se
 F
al
lo
w
 X
er
ic
Cr
op
la
nd
W
et
la
nd
Se
as
on
al
 W
et
la
nd
Sn
ow
-Ic
e
Landcover class
H
e
ct
a
re
s
1987
2001
 223 
 
URBAN-
BARREN 
WATER SHRUBLAND 
MIX-SHRUB 
WOODLAND 
WOODLAND GRASSLAND 
SPARSE 
FALLOW 
XERIC 
CROPLAND WETLAND 
SEASONAL 
WETLAND 
SNOW 
ICE 
GLACIER 
1987 
TOTAL 
URBAN -
BARREN 
22693 664 838 105 428 18432 1331 420 51 79 2853 47894 
WATER 676 1869 153 72 231 637 126 75 47 33 210 4129 
SHRUBLAND 769 244 11178 2050 5576 16783 5644 1621 1156 1957 23 47001 
MIX SHRUB-
WOODLAND 
203 72 2132 653 902 3201 1709 1210 327 1434 6 11849 
WOODLAND 404 307 4295 6139 12680 10953 3334 1958 1515 3093 4 44682 
GRASSLAND 9405 557 25146 2648 9571 209141 8387 3458 1768 4023 654 274758 
SPARSE 
FALLOW XERIC 
5093 60 2470 244 1229 12792 19245 3326 121 2298 537 47415 
CROPLAND 163 33 7099 330 1799 2951 4542 3890 195 6193 0 27195 
WETLAND 21 1 109 71 72 433 350 120 86 847 1 2111 
SEASONAL 
WETLAND 
283 134 3356 1112 2737 4330 2045 2224 665 7245 9 24140 
SNOW-ICE 7768 313 7 2 6 293 438 2 1 1 57732 66563 
2001 Total 47478 4254 56783 13426 35231 279946 47151 18304 5932 27203 62029 
  
Table 5.6: Transition matrix of 1987 land cover and 2001 land cover in hectares of area for the core and buffer zone of HNP. 
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Temporal dynamics of land cover in Park Core  
Internal to the park core, shrubland cover had the greatest expansion of 3950 ha 
between 1987 and 2001. According to the transition matrix, only 17% or 3,924 ha were 
stable in the landscape, whereas 58% had been classified as grassland in 1987. This 
indicates that shrubland expansion occurred largely in zones of what had previously been 
classified as grassland. While grassland only increased by 2% or 2175 ha, the majority of 
this transition (11%) occurred in zones that were previously classified as barren. Visible 
and noticeable in the imagery, this occurred in what appears to be zones of disturbance 
from the Huascaran Avalanche and debris flows. Additionally, 7566 ha of what had been 
grassland cycled into the sparse-fallow-xeric class, a surprisingly low amount given that 
13,852 ha were classified as shrubland in 2001.  
The urban-barren land cover class underwent the least amount of percent change 
between 1987 and 2001 demonstrating only 1% increase in area. Of the pixels that were 
classified as urban-barren in 1987, 51% tended to stay as urban-barren in 2001. The 
remaining half mostly transitioned to grassland cover. The greatest proportion of sparse-
fallow-xeric land cover cycled into primarily grassland cover (7019 ha) and secondly, 
urban-barren cover (4082 ha).  
 Cropland and woodland cover were two classes that had the greatest percent 
change of a decrease by 34% and 19% respectively. Cropland in 1987 interior to the core 
underwent the largest conversion of cover to 1429 ha to grassland in 2001. The reasons 
for this may be attributed to either increased compliance with park boundaries or, as 
indicated earlier, a reduction in agricultural land use. Cropland and seasonal wetland 
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were two classes that had to undergo cluster busting to improve the classification. There 
were 1200 ha of cropland class in 1987 that were classified as seasonal wetland in 2001. 
In very few patches, the cropland class is at an elevation that does not support agriculture, 
therefore the cropland class is mixed with boundaries of seasonal wetlands. Studying the 
spectral properties of each of these land cover types would elucidate how this is 
occurring. Whereas, woodland cover contracted by 3188 ha (a decrease by 19%), at least 
55% remained as stable woodland cover. The majority of the woodland cover transition 
resulted in 16% or 2,229 ha classified as shrubland in 2001. Of the woodland cover 
internal to the core of the park, 12% became grassland, which could be due to the reasons 
previously mentioned of fire and/or misregistration due to topographic complexity. 
The glacier-ice-snow class contracted in area by 7% or 4495 ha between 1987 and 
2001. However, 93% or 55,725 ha remained as stable glacier snow ice. The amount of 
glacier snow ice with an aspect to the north-northwest increased while regions with 
aspect to the south-southeast receded (Figure 5.3 and 5.5). The transition of 7748 ha of 
glacier cover in 1987 to what in 2001 is classified as barren demonstrates that this is the 
most common (and most logical) land cover trajectory. There are also 2852 ha that were 
classified in 2001 as glacier-snow-ice but in 1987 were considered barren.  
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Figure 5.5: Distribution of glacier-snow-ice class by aspect throughout Huascaran 
National Park 
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5. 4 Discussion 
Land Cover Change and Driving Forces 
Land cover is dynamic in and around Huascaran National Park. My findings 
demonstrate that internal to the park core landscape change is occurring particularly in 
the glacial, woodland, and shrubland class. Spatial patterns of land cover change are not 
just occurring in elevations above 5000 meters that are dominated by glacial cover, but 
also are occurring in the buffer zone of Huascaran National Park. The increase in 
woodland cover, documented by Byers (2000) was not as evident throughout the park 
area using digital image processing. Woodland cover decreased in the core and the buffer 
zone of HNP and was notably absent in areas of the park where officials had observed 
large-scale disturbance regimes of fire sweep through. However, the increase in the 
shrub-woodland and shrubland class reveals that there are significant changes in 
vegetation and perhaps in canopy structure in and around the National Park.   
Surprisingly, there are a number of woodland patches that have remained static 
for over fifty years. As demonstrated in Figure 5.6, a few woodland patches (these are 
mostly polylepis and gynoxis) that have dense canopy and are in the heavily traveled 
Quebrada Huaripampa retain their same basic size and shape. More processing could be 
done on a few of these patches to get an estimate of how the patches have actually 
changed shape and structure. However, what is striking is that this valley is one of the 
more popular tourist destinations and as such, has a high number of people from 
Quebrada Santa Cruz and from the eastern valley of Huaripampa, accessing and 
traversing this pass. It is an easy pass to cross from the eastside to the Westside and 
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therefore maintains heavy foot and burro traffic. Therefore, the woodland patches that are 
within populated and higher elevations are perhaps not part of a threatened status that the 
park and NGO offices maintain.  
Implications for Conservation 
The park office, three local NGOs, and a small percentage of local inhabitants 
have described the stress on the woodland habitats of Huascaran National Park. Demands 
by local populations for fuelwood, construction materials, and serving ecosystem 
functions of barriers to wind and soil erosion control, and prime avian habitat, woodland 
patches are demonstrating fairly stable land cover in and around Huascaran National 
Park. Conservation goals of both the park and the NGOs seek to create polylepis 
reforestation areas, and have created small community viveros, nurseries. On the 
periphery of the park, the density of woodland that can be observed through satellite 
imager has increased. Eucalyptus patches and a few large Pinus radiata plantations grow 
on the southwestern periphery of the park. 
Conservation measures promoted by the park office and the NGOs continue to 
imply that this mountain landscape was dominated by the beautiful Polylepis trees. While 
there are pollen records to support the dominance and presence of trees in the region, the 
landscape has been transformed through human agency. As my findings demonstrate, the 
present land cover of Huascaran National Park is dominated by grassland cover. 
According to the narratives and patterns of local land use, healthy grasslands that will 
support cattle and other livestock are important to livelihood and cultural resource 
management patterns of communities in the Andes (see Chapter 6). 
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Figure 5.6: Quebrada Huaripampa as seen in a 1948 aerial photo, Landsat ETM+ 2001 
543 composite and the 2001 land cover classification. To the west of the top 
two points of the star is a woodland patch that is roughly the same size and 
dimensions between 1948 and 2001. 
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There are a few conservation projects that try to boost production of native 
grasses in some areas, however the grassland conservation techniques are not provided 
with financial or logistic support. In part, this may be a result of the motivation to remove 
the animals from the core areas of the park, another reason could be that by promoting 
the conservation of grasslands, the park office, and the conservation organizations may be 
thought to be supporting this livelihood pattern. Additionally, the grasslands are governed 
by local community institutions. 
As my results demonstrate, there is reduced snow-ice-glacier cover in the core 
area of Huascaran National Park. The reduction in glacial lobes has been observed by 
local land users, researchers and via different techniques of remote sensing. The rapid 
rate at which glacial cover is reduced is not just an indicator of climate changes. It has 
direct implications for the people, households, institutions, and even tourists that occupy 
the eastern and western foothills of the White Mountains. The visual impact of 
identifying in satellite imagery how much glacial cover is reduced does not get at the 
heart of what the implications of this land cover change means. Those individuals that are 
already observing these changes are modifying land use behaviors to reduce 
contemporary risks and diversify their livelihoods. In essence, the reduction of snow-ice-
glacier in the Cordillera Blanca will mark a change in how local people pursue their 
livelihoods and their adaptive capacity (Young and Lipton, 2006).  
Another land cover class system that will continue to respond dynamically to the 
changes in glacial-snow-ice cover will be Andean wetlands and mesic grasslands. 
Already demonstrating an increase in land cover area, wetlands will be important for 
water storage and as a land cover class that may have interesting trajectories. The wetland 
 231 
and mesic grassland class may increase with a temporary increase in runoff, or it may be 
the locus for examining more intensive drivers of land use. Wetlands are already a 
preferred site for grazing animals and they have a richly organic material that can be 
harvested by local households. Therefore, as people are adaptively responding to 
conditions of climate change the land cover that may become more available to exploit 
could be the wetland and mesic grassland class.  
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CHAPTER VI 
Land Use in Huascaran National Park and Buffer Zone 
6.1 INTRODUCTION  
Research in the Peruvian Andes has demonstrated that multiple elevation and 
ecological gradients are simultaneously utilized for agropastoral and community land-use 
systems (Murra, 1972; Brush, 1976; Guillet, 1981; Masuda et al., 1985; Mayer, 1985; 
Young, 1993; Zimmerer, 1999; Mayer, 2002). Households and communities also may 
specialize production within very specific zones and have kinship networks throughout a 
range of elevation gradients. Mayer (2002) delineates “production zones” in the Andes, 
which are defined as farming practices that are identified by distinct boundaries and the 
infrastructure and social organization that governs resource use associated with them. 
Examining production zones and contemporary land-use patterns on the periphery of 
conservation areas highlights priorities that need to be addressed to support both human 
and biophysical systems. Research into this arena is becoming increasingly more 
important given the expansion of conservation zones throughout Peru (see Chapter 5). 
Human land-use patterns and ecological zonation in Rio Abiseo National Park, 
Peru were delineated by Young (1993). The research identified important ecological 
zones that were biophysically distinct and were used for different livelihood purposes. In 
addition, Young noted that conservation measures would be more effective if land use 
and biophysical patterns were taken into consideration. In a follow up study, Kintz et al. 
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(2006) determined that land-use changes in the periphery and core of Rio Abiseo had 
effects on the overall landscape mosaic. These changes included an expansion of tropical 
wet montane forest into higher elevations, possibly due to fire suppression and/or climate 
change. Additionally, the authors observed that agriculture in the buffer zone might have 
resulted in increased forest fragmentation. 
In this study within HNP, the mid and upper elevations were formally inscribed as 
a National Park in 1975 for conservation and tourism, effectively restricting certain 
patterns of land use within the core and buffer zone. Therefore, research questions 
include, what is the land use in the buffer zone and core of Huascaran National Park and 
have these patterns changed over time? How is land use carried out at various points 
within the study area, how do these vary from east to west and from north to south, and 
vertically, within the park and the buffer zone? In this research scenario, the factors 
involved are not only the overlapping complex ecological gradients that are drawn upon 
for resource use, extraction, and conservation, but also the overlapping institutional 
arrangements that are participating in governance of this mountain landscape.   
A history of extensive and varied Andean land-use patterns can be observed 
throughout Huascaran National Park and Buffer Zone. Archaeological features, 
petroglyphs, and terraces extend into the highest elevations in numerous Quebradas of 
HNP and, prior to Agrarian Reform, populations utilized marginal land that was made 
available to them from landowners (see Chapter 4). The historical record demonstrates 
that agropastoral production was carried out throughout many ecological zones of the 
study area. Contemporary patterns of land use are detailed below and were informed 
through fieldwork, interviews, and ground truth in the study area with the methodologies 
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detailed in Chapter 3. In the majority of cases, land use was carried out by individuals 
that were also members of Campesino communities.  
6.2 ECOLOGICAL GRADIENTS AND LAND-USE IN HUASCARAN NATIONAL PARK 
Andean land-use systems optimize and diversify agricultural production by 
utilizing different elevation zones. Households maintain croplands in the agroecological 
zone (2500-3500 m), while fields in mid elevation or the lower puna (3500 – 4000 m, the 
parte baja) are frequently seasonally planted for household or community use. In many 
regions of the study area and throughout the Andes, the upper puna (4000 m – 5500 m, 
the parte alta) is used for transhumance of cattle, horses, sheep and other stock (Mayer, 
2002). In mountain environments, steep slopes and high elevations result in marginal land 
for production, and population pressure often can reduce land availability (Boserup, 
1965). As a result, land-use strategies have permitted agricultural technological 
specialization and seed biodiversity to flourish (Guillet, 1981; Zimmerer, 1996; Gade, 
1999). Cultural practices and knowledge for agropastoral production is passed on to 
generations in households, community institutions, and through practiced experience over 
time (Denevan, 1983; Young, 2002).  
The boundaries of Huascaran National Park were established at approximately the 
4000 m elevation line according to documents and interviews with park officials. This 
line was determined, as stated in Chapter 4, because it was considered the upper elevation 
limit for most crop production. However, internal to the park core, elevations well below 
4000 m would also likely be able to support agricultural production (Figure 6.1). In fact, 
when the core and the buffer zone of the park is examined by elevation, 32% of the core 
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and buffer zone falls below 4000 m elevation (Figure 6.1). Stratifying land use by 
elevation and ecological zones provides one technique for understanding the human 
dimension influencing land cover in the landscape mosaic. Admittedly, elevation 
boundaries can be considered artificial and arbitrary given the biophysical processes that 
occur fluidly across gradients. However, very distinct changes occur with elevation 
gradients (Troll, 1968), and with the boundary of Huascaran National Park established at 
4000 m, elevation zones in this case are critical for land use and governance.  
Population estimates for the entire buffer zone are approximately 226,000 
inhabitants (INRENA, 2006). According to census data of population centers (INEI, 
2002), population within the Buffer Zone is approximately 228,478 inhabitants that are 
predominantly arranged in anexos, caserios, farming units, towns, villages, 
neighborhoods, or cities (Table 6.1). Three mid-size cities within the buffer zone, Chacas, 
Huari, and Pomabamba are located on the eastern border of the National Park and 
account for a substantial component of the total population. Sectors are another unit 
which are smaller than caserios and are more of a geographic division rather than 
administrative. There are 43 registered Comunidades Campesinas that have title to 
substantial regions of the buffer zone and can access areas within Huascaran National 
Park for traditional agricultural purposes, excluding the activities of harvesting of wood, 
overgrazing, poaching, fishing, and burning grasslands (Table 6.2, see Chapter 4). 
Comunidades Campesinas encompass landholdings that are used and communally owned 
by people from the administrative units listed in Table 6.1 
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Unit of Organization 
Number of 
Units Average # of  Households 
Anexos 450 16  (min = 1, max = 105) 
Caserios 326 63.7 (min = 5, max = 270) 
Farming units 
Unidad Agropecuaria 
183 5.1 
(min = 1, max = 40) 
Towns, Villages,  
Neighborhoods 
Barrios, Pueblos, Otros 
36 352 (min = 30, max = 552) 
Cities 3 783 (min = 438, max = 1037) 
Table 6.1: Distribution of population centers within core and buffer zone of Huascaran 
National Park. This table was derived from data from Census de Centros 
Poblados, by the Instituto Nacional de Estadistica e Informatica, 2002. 
Campesino Communities on Periphery of Huascaran Nacional Park 
1. C.C. Quitaracza 
2. C.C. Jose Rios Sotero 
3. C.C. Juan Velasco Alvarado 
4. C.C. San Francisco 
5. C.C. San Pedro de Chinguil 
6. C.C. Raymondi 
7. C.C. Cordillera Blanca de Chacas 
8. C.C. San Antonio de Macuash 
9. C.C. San Bartolomé de Acopalca 
10. C.C. Yacya 
11. C.C. Mallas 
12. C.C. Huanca Pampa 
13. C.C. La Republica 
14. C.C. Aquia 
15. C.C. Chiquian 
16. C.C. Catac 
17. C.C. Cordillera Blanca Canrey 
Chico 
18. C.C. Canray Grande 
19. C.C. Sinchi Roca 
20. C.C. Pedro Pablo Atusparia 
21. C.C. Wiracocha 
22. C.C. Cahuide 
23. C.C. Cuatro Estrellas  
24. C.C. Luis Sanches Cerro 
25. C.C. Pedro Cochachin 
26. C.C. Vicos 
27. C.C. Tupac Yupanqui 
28. C.C. Siete Imperios 
29. C.C. Copa Chico 
30. C.C. Justicia y Libertad 
31. C.C. Fuerza y Poder 
32. C.C. Atusparia de Huaypan 
33. C.C. Huascaran 
34. C.C. Tumpa 
35. C.C. Los Vencedores de Musho 
36. C.C. Unidos Venceremos 
37. C.C. Ancash 
38. C.C. Cruz de Mayo 
39. C.C. Santa Cruz 
40. C.C. Huancarhuaz 
41. C.C. Hualcayan 
42. C.C. San Lorenzo de Pachas  
43. C.C. Uchupata 
Table 6.2: Registered Campesino Communities on the periphery of HNP. 
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Figure 6.1: Elevation and boundary of Huascaran National Park and Buffer Zone.  
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Land Use within the Agroecological Zone 
The Agroecological Zone that extends from below 2500 m to 3500 m is found 
throughout the entire study area. Within this zone, land-use patterns are complex and 
dynamic. Villages, households, campesina communities, home gardens, agricultural 
fields that are monocropped, intercropped, or fallow, corrals, grazing grounds for 
animals, communal plantations, orchards, and fish farms are all found within the 
Agroecological zone. Agricultural production is mostly subsistence based and occurs 
predominantly throughout the buffer zone and within HNP in an intricate synergism that 
bridges private and community tenure.  
The landscape within this zone is considered a combination of a private and 
sectorial fallow system. The sectorial fallow system allows households to access land in 
different elevation zones, share parcels with other households, and also have communal 
controls that regulate land use (Mayer, 2002). However, most households retain what 
would be considered private land-use rights and decision making for how their parcels 
are put into production and used. Whereas, communal lands are cropped according to 
rotation cycles and managed by an association within the community governance system. 
Communal orchards and pastures are also managed and monitored by an association 
comprised of community members.  
Community members (comuneros) perform community tasks and comply with 
certain obligations in order to obtain and use land within community boundaries (see 
Chapter 4). Comuneros work and retain shared portions of the harvest from communal 
lands and orchards, members also have access to communal pasture grounds, and  
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FIGURE 6.2: Agroecological zone cropped with wheat (harvest), alfalfa, & fallow. 
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reciprocally, permit community members’ animals to graze on fallow parcels. Animals 
that graze on fallow parcels enrich soils, replenishing soil nutrients and microfauna.  
Crops are rain fed or irrigated through elaborate networks of canals. Parcels that 
are within a household’s private use are often not contiguous and may be distant from 
freshwater sources. This inaccessibility to water requires negotiations amongst 
community members and adjacent land holders to ensure access to freshwater. Irrigation 
canals, dug as channels into the earth, or reinforced with cement in some communities, 
were used to bring freshwater to scattered farms and households. Irrigation canals are an 
important component of land use in the Andes and provide a rich data source for 
questions on water use, scarcity, and climate change. More research on the function, 
infrastructure, maintenance, and governance of irrigation canals and water resources 
within this study area is warranted.    
Based upon the fieldwork, interviews with 82 informants revealed that individuals 
throughout the study area on average had in production a total of 2.1 hectares of 
agricultural fields. Parcels straddled different elevation zones and crops were planted on 
an annual cyclical rotation. Informants that lived in the northwest section of the buffer 
zone had slightly more area in production with an average 2.3 hectares. Households that 
were on the eastern periphery of the park in the Callejon de Conchucos had a somewhat 
smaller area of cropland with an average of 1.8 hectares of land. In the southern region of 
the study area households had the least amount of land under cultivation with an average 
of 1.6 hectares.  
These data do not account for land that is within communal property. Communal 
property is available for all people whom are official members of a community. Sectors 
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within a comunidad campesina have specific zones that are managed by and for that 
Sector. For example, the sector Ullmey of the Comunidad Campesina of Vicos plants 
approximately 10 hectares of potatoes, olluco, maize, oca, and beans on a rotation of 
communal property lands within the upper area of Quebrada Honda. Crops harvested 
from communal land are first given to the elderly, sick, or disabled before they are 
divided up amongst community members and/or sold at the local market. Other 
communal property lands in the Agroecological zone between 2500 to 3500 m include 
orchards and eucalyptus plantations.  
Crops vary by elevation zone and are annually rotated within the Agroecological 
zone on smallholder and community plots (Table 6.3). The elevation and rotation cycle is 
very similar to other areas reported in the Andes (Mayer, 2002; Rhoades, 2006). 
Production of potatoes, maize, onions, carrots, peppers, wheat, barley, oats, kiwicha, 
quinoa, alfalfa, beans, peas and flax can be found cropped or intercropped along with 
herbs around households and in larger parcels throughout this zone. In higher elevations, 
from 3500 m to approximately 4015 m in the study area, crops that are found are 
predominantly potatoes, wheat, barley, and beans. Agave, eucalypts, fruit trees, and 
shrubs border many parcels. These provide windbreaks, shade, and clearly define edges 
of properties. When land is initially cleared from being in fallow, an annual crop rotation 
cycle begins. Crop cycles in newly overturned fields usually start with potatoes, 
especially at higher elevations, throughout the Andes. The next series of crops often 
depends upon soil and weather conditions, as well as market value for certain crops. 
While yields are mainly for household subsistence, agricultural production is also geared 
toward local, regional, and distant markets. However, as noted in interviews, dates for 
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planting crops are changing as predictions for agricultural cycles is growing more 
difficult with climate change (Young and Lipton, 2006). Informants indicated that 
fertilizers and purchased seed are used to produce year-round crops that are sold in the 
market. An example of a common crop calendar and rotation cycle is as follows: 
 
Crop Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec 
Potatoes H    P P P   H   
Wheat P      H     P 
Olluco  H    P       
Maize     H     P   
Oca      H   P    
Beans        H   P  
Chocho        H   P  
Alfalfa    H      P   
Table 6.3: Crop Calendar and Rotation Cycle. P = planting, H = harvesting. Green color 
is what is planted in the first year, Yellow is planted in the second year, and 
orange is planted in the third year. After the 3rd year, land is usually left in 
descanso or fallow for a period of 2-4 years.Information from interviews in  
Quebradas Acopalca, Vicos, Canrey Chico, Paron, and Mountain Institute. 
Planting and harvesting on most parcels uses manual and animal labor. Children 
often are involved with all aspects of production, and in this way that agroecological 
knowledge is transferred and acquired (Young, 2002). A taklla, or plow, and yoke, or 
yunta, are attached to bulls to overturn soils. Burros are used to haul products up or down 
slopes. The use of tractors is not often found within the study area of the buffer zone 
although members of certain communities expressed interest in purchasing them 
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(personal communication). Days for sowing and harvesting crops are frequently 
punctuated with important festivities and culturally significant work parties. For example, 
June 24 is the Día del Campesino, Campesino Day, and the planting of potatoes on 
communal property usually involves a work party and celebration. Additionally, many 
communities have a patron Saint or Virgin. For example, the Community of Vicos has 
communal land in the Quebrada Honda and the Virgin of Merced is a protector of a 
portion of these lands and the communal herds that graze in the valley.  
In addition to planting, labor for preparing the field is intensive. Fields are 
overturned and rocks, weeds, and any other waste is put into a pile. Fields that have a 
high presence of Kikuyu grass, an invasive grass known as cultsa, requires longer periods 
of time to prepare by turning the soil in two different stages. Over 81% of informants 
responded that they provide labor on fields other than their own and community 
members. Often, extended family members are recruited to assist with agricultural labor 
or community members are paid to work. Livestock are brought in to graze on recently 
harvested parcels and fallow land, which supplements soil with rich manure.  
According to interviews with informants, three changes have occurred in the 
cultivation practices in the Agroecological zone of the buffer zone. The changes are in 
types of crops produced, out-migration, and climate. The ability to read environmental 
signals for planting has become difficult in a changing climate. Crops are easily lost to 
freeze and hail and drought because of changing environmental parameters (Young and 
Lipton, 2006). Another change is the increase in planting non-traditional crops for the 
regional, national, and international market. One driver of non-traditional production is a 
change in international trade policies and an increase in sustainable development 
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programs that link local producers to international exports. In the study area, local 
development programs, sponsored by USAID, were actively promoting the cultivation of 
roses, carnations, and other flowers for international export. Another program in the 
Cordillera de Conchucos promoted the production of oregano on over 4 hectares of 
farmers’ lands. Other non-traditional crops include three varieties of beans and peas that 
are cultivated on a large farm in the northern reaches of the National Park on the lands of 
the Comunidad Campesina Hualcayan..  
On a household scale, informants identify that cultivation has become more 
expensive, with decreased returns on inputs, and a change in the labor force. The use of 
fertilizer and pesticides as inputs is a common practice throughout the study area. The 
cost of these inputs is not covered by the sale of the yield in the local markets. Multiple 
public demonstrations in the study area decried the cost of agricultural inputs. Therefore, 
subsistence production is challenged when the cost of fertilizer becomes prohibitive. The 
majority of male informants participated in wage labor within the study area and within 
the region. Money from labor is sometimes used to purchase agricultural inputs, but as 
more young men leave for wage labor or other farm jobs, the time available for 
production decreases. Innovative governance by the Presidents in two  separate 
communities has promoted youth cultural groups as a way to retain young adults within 
the community.  
The tropical dry forest zone exists in patches and corridors from 2500 m to 3800 
m within the Agroecological zone. Land use within the tropical dry forest zone is located 
within riparian forest corridors or eucalyptus patches. Wood products from this zone are 
mostly used for harvesting firewood, construction materials, and production of medicinal 
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and culturally relevant plants. Trees also serve as wind and shelter breaks for crops and as 
property dividers. Tree trunks and branches are used by households to store and dry 
harvested maize stalks and other agricultural byproducts, which are then fed to farm 
animals. The stalks are sprinkled with saltwater and then fed to cows and bulls. 
Land Use within the Lower Montane Scrub Zone 
Lower Montane scrub occurs at elevations from 3500 – 4100 m and is found 
throughout this range in most areas of the study area, but is denser on the eastern 
boundary and in the western valleys. Shrubland occurs on moderate slopes and is a land- 
cover zone that was, and continues to be, modified by human land-use patterns. Areas 
that were cultivated, and then are left as fallow for more than 5 years tend towards 
vegetation that is found in this ecological gradient (see Chapter 4). This vegetation also 
occurs in areas that have rocky slopes and thin soils. According to informants, land in 
fallow (descanso) begins to grow forbs and grasses after the first year and other woody 
shrubs appear after approximately 2 years. In the study area, lands that were fallow for 
what appeared to be an extended period of time (more than 5 years) were characterized as 
lower montane scrub.  
Scrubland was found between 3500 and 4100 m elevation throughout the study 
area. These areas were not rapidly being converted to cultivation areas. Informants 
commented that out-migration resulted in many young men leaving the area. According 
to a focus group of individuals from the southern periphery of the park, from the 
Community of Aquia, many young men and families moved to Lima or to Chiquian. 
Access out of the community via a new road that was asphalted in 1999 resulted in  
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Figure 6.3: Scrub surrounds the perimeter of the slope above the Agroecological valley. 
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Figure 6.4: New crops put into a predominantly scrubland cover zone on slope. (top) 
Cattle grazing in shrubland area within Huascaran National Park. 
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people having an easier time to seasonally migrate out. One individual, Eddy Semanez 
Ibarra, commented that there is a hope that the new road will also bring tourism to the 
region and bring people back to stay. Approximately 40% of livelihoods around Aquia 
are based upon cultivated agriculture, while the majority of production is from cattle (for 
dairy/cheese production) and mining.  
 An intermediate degree of disturbance is associated with the land use found 
within the scrubland zone. In many areas of the buffer zone of Huascaran National Park, 
shrubland is burned as a way to rapidly clear agricultural land. Therefore, a degree of 
fragmentation within this zone occurs from clearance for cultivation. However, in certain 
valleys, shrubland is dense and contiguous. The density of cover provides habitat for 
birds and other species. Interviews and fieldwork with informants reveal that scrubland 
provides a zone for grazing sheep, goats, and cattle. Medicinal and ornamental plants are 
also gathered. Dyes are extracted and processed from the roots and stems of shrubland 
plants to color wool and other textiles.  
Land Use within the Grassland Zone 
The Grassland zone, which is found mostly in elevations from 4000 m up to 5500 
m, is the most extensive portion of the study area. Grasslands, also known as the puna, 
are interspersed with seasonal and permanent wetlands, woodland patches, and sparse 
grassland zones. It is within this zone that the majority of the core of Huascaran National 
Park is situated. Grasslands therefore serve an important function for livelihoods on the 
periphery and for the conservation area of HNP. The land use within this zone is 
predominantly for grazing livestock. The wetlands (bofedales or oconales) that are found 
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throughout the upper and lower puna are essential components of the agropastoral 
livelihood. These areas provide a rich source of nutrients for grazing animals, standing 
water for animals to drink, and wetland (vegetation) can also be harvested and dried for 
burning material. Many tourists also access this elevation zone for camping and transit 
through the Cordillera Blanca mountain range.  
Seasonal transhumance is common throughout the entire buffer zone and is a 
land-use pattern whereupon livelihoods in the buffer zone rely upon land use internal to 
the core of Huascaran National Park. Transhumance, a seasonal rotation of cattle to 
different pasture zones, occurs twice a year. Livestock are brought into higher elevations 
and graze within valleys of Huascaran National Park at the beginning of the dry season 
(April). The animals remain within upper elevation grasslands, gradually moving to 
higher pastures as the season progresses, and are oftentimes left free to graze. On 
occasion, individuals tend the herds and watch them, although the animals are rarely 
watched on a daily basis. A shepherd often tends to sheep, while cattle, horses, and 
burros are monitored by a family or individual that lives and stays within the valley, a 
reportero, and often the animals are not corralled. Eventually, livestock are brought down 
(in elevation) beginning around September, when the rains and snows start, to household 
land, communal lands, or to corrals.  
At the opening and entry to most of the valleys on the western periphery of HNP 
are gates (portadas) that restrict the passage of animals out of and into the valleys. A 
reportero is posted at the gate as a way to keep track of animals and people leaving and 
entering valleys. The reportero becomes particularly important when the community is 
concerned about cattle rustling, abigeteo (see Chapter 4). Horses and wild bulls or cows 
250 
(vacas silvestres) often stay in upper elevations year round and graze completely 
untended. Recent research by Farris (2007) has demonstrated that herd size of burros and 
other pack animals has increased in the Ishinca Valley as a result of the tourism industry.  
Pastoralism results in disturbances in the grassland mosaic. Overgrazing 
grasslands is a widespread concern among communities and by conservation 
organizations, such as The Mountain Institute and CARE. Evidence of overgrazing 
comes from conditions of sparse grassland and invasive species (see Chapter 5), as well 
as reports from communities that herds are not producing milk or are ill from parasites 
and viruses. Numerous households and communities that rely upon pastoralism as a 
primary livelihood and land-use system, particularly in the southern portion of the park 
and buffer zone, have reported (personal communication) these conditions. Changes in 
herd size and herding practices have an impact on the resiliency of the grassland system 
and may be affected by climate change. A subsequent disturbance that occurs in this 
zone, linked to land use of pastoralism, is grassland fire. Fires are intentionally set to 
provide fresh new grass for grazing. Fires do occur naturally from lightning in the puna 
during pulse storms.  
Another land use in the upper puna within HNP is tourism. During the dry season, 
thousands of national and international tourists travel through the puna to trek, camp, 
mountaineer, or for quick excursions. Trips into the core of HNP are often guided by tour 
operators and use local porters from the Association of Porters (arrieros) that use burros 
to carry equipment through the valleys and over passes. Tourism can become so 
concentrated in certain valleys that sometimes over 75 burros are concentrated at one 
time at planned camping spots and designated grazing areas. This concentration of 
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tourists and burros in any given zone in the puna throughout the dry season is a land use 
that has increased within HNP over the past twenty years. Of the informants that worked 
as arrieros (n = 51), 46% identified tourism as their principal annual income source. 
Therefore, tourism is an important livelihood option for residents in the buffer zone and a 
major land use that is present in the Grassland Zone. 
An example of land use that combines pastoralism and tourism from the study 
area is the Comunidad Campesina (CC) Cordillera Blanca Canrey Chico, located in the 
District and Province of Recuay, with a total titled area of 3,237 hectares. Research was 
carried out within this area and interviews informed the findings below. The research in 
this community provides an example for land-use patterns by other communities and 
inhabitants in the buffer zone. However, the land-use pattern by community is highly 
dependent upon access to different ecological gradients, roads, and  opportunities. The 
CC Cordillera Blanca Canrey Chico is subdivided into the following sectors 
Shillacancha, Cotocancha, Arhuaycancha, and Acocancha. There are 132 male and 
female official members of the community with a population of 624 families. Average 
size of a household is 5.8 people. Community members have private parcels and retain 
communal rights for land use in the mid- and upper-elevation puna.  
The sectors of Shillacancha, Cotocancha, and Arhuaycancha are in the puna or 
parte alta and dominated by grasslands, small patches of woodlands, wetlands 
(bofedales), and seasonal wetlands. The primary land use in these sectors is grazing and 
tourism. Tourism has increased in recent years and households are active as porters and 
guides through HNP and in other regions of the buffer zone. According to the reportero 
(personal communication), herds of burros and alpaca have increased to accommodate 
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tourism growth. Additionally, as cash money is acquired from labor, it is not likely to be 
invested in livestock.  
Four important lakes in the area provide a fresh source of water. Wetlands and 
springs provide freshwater that also are used for irrigation to the parte baja and to the 
cultivated land in mid elevations. Wetland areas, bofedales and oconales, are sometimes 
channelized to control flow. In another land use, the drainage is sometimes dammed up to 
provide moisture zones for cattle and for other animals for grazing. Peat from wetlands is 
harvested and is dried for building material, burning, or to apply to soils.   
Acocancha sector of CC Canrey Chico is the smallest sector by area and is located 
at a lower elevation. Within the sector, individuals maintain small parcels of cropland but 
also have patches of riparian woodland and fallow land. Production of wheat, barley, 
oats, beans, and alfalfa is most commonly cultivated in the lower elevations, with mid-
elevations cropped with many types of potato, olluco, and oca. Eucalyptus plantations 
within this sector provide useful wood for tools, construction, and firewood.  
Prior to Agrarian Reform, inhabitants paid the owner of the land to allow animals 
to graze in upper mesic and dry grassland valleys, while maintaining their own very small 
parcels of agricultural land on marginal slopes. Community members now use a few 
sectors for predominantly communal grazing of individual livestock and for mixed 
communal herds of burros, cattle, alpaca, sheep, and horses. According to the reportero 
that monitors herds for the community and from interviews with other individuals, 
personal and communal holdings amounted to approximately 6,906 animals at the time 
research was conducted (Sáenz, personal communication) (Table 6.4).  
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Type of Livestock 
# owned 
Communally 
# owned by 
Members Total 
Sheep 429 4015 4444 
Cattle 74 1850 1924 
Horses 258 22 280 
Burros 130 56 186 
Alpaca 72 0 72 
 
 
 6906 
Table 6.4: Livestock in Comunidad Campesina Cordillera Blanca Canrey Chico.  
 
The livestock in CC Canrey Chico are brought up to the Park valley between May 
and July, and graze unpaddocked throughout the puna grasslands of Huascaran National 
Park. They are either tended by a family member (usually children) on a daily basis or 
often left for weeks at a time with a member of the community that resides in the puna 
for the season. At the beginning of the rainy season, September or October, herds are 
brought down to stay in the community’s sectors dedicated for grazing. Households bring 
the livestock to fallow land within the cropland zone to supplement soil with manure.  
The Comunidad Campesina Cordillera Blanca Canrey Chico is representative of a 
number of communities that are situated in the southern portion of the park. Elevation in 
the southern region within the buffer zone and extending beyond this boundary is well 
above 3500 m (Figure 6.1). Families in this region of HNP specialize in livestock 
production and sell meat, cheese, and animal products at the local markets. As mentioned 
above, smaller parcels of cropland produce seasonal subsistence crops, but are rarely 
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sufficient for markets. Moving north within the buffer zone, the elevation begins to 
decrease and households and communities tend to have more parcels within a useful 
production zone. In the northern and northeast reaches of the buffer zone, orchards of 
fruits (peaches, oranges, apples, cherimoyas, and avocados) are common. Agricultural 
crops cover a more dominant portion of the landscape mosaic as a range in elevation 
from 2000 m to 6000 m can be found in the northern and northeast sections of the study 
area. 
Land Use within the Barren and Glacier/Snow/Ice Zone 
Glaciers, ice, and snow and barren zones of rock and scree dominate the land 
cover between 5500 and 6768 m. Land use within this zone is minimal from peripheral 
inhabitants. Although, high passes provide access by foot, hoof, and truck from one side 
of the mountain range to the other. Gravel roads provide quick access from one side to 
another and are used by drivers of combis (minibuses) to haul inhabitants and tourists 
alike. As described above, the new road to the Antamina mine around the southern border 
of the buffer zone has facilitated a change in access to the eastern portion of the study 
area. Travel around the mountains, rather than over the mountain pass, makes 
accessibility the inhabitants easier to transport agricultural yields, family members and 
other materials to other areas.   
Within the core of HNP, mineral and ore mines are active. Six mines that have 
active concessions within HNP and two mines, Antamina and Pierina (Barrick) influence 
the buffer zone and park. Artisanal mining occurs in many highland valleys. Three mines 
are within the Quebrada Honda, and as a result, new roads were constructed or under 
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construction at the time of fieldwork, to haul workers and minerals out of the valley. 
Mines provide wage labor for inhabitants and are valued for the jobs that they bring. 
However, at a focus group meeting with individuals from the Community of San Marcos, 
inhabitants were vocal and very concerned during our interviews about the impact the 
mine was having on water supplies, fish in lakes, and the puna grassland.   
6.3 RESOURCE USE WITHIN HUASCARAN NATIONAL PARK AND BUFFER ZONE 
Other resources, such as grasses collected for housing, wood for fires and crafts, 
medicinal plants, fish (trout), peat from upper valley wetlands, ceremonial plants, ore, 
and glacial ice were also stated as important resources collected from the parte alta, the 
jalqa, or upper elevation region (Figure 6.,5 Fig. 6.6). On multiple occasions while 
interviews were being conducted in the field, informants also took the time to gather and 
collect resources from the sites we were standing in.  
According to the information gathered from the informants (Fig 6.5, 6.6), the 
direct use of land and resources in the upper elevations is devoted to the grazing of 
livestock and the collection of medicinal or useful plants. Grazing ranked the highest with 
79% of the informants claiming that they have animals (cattle, sheep, horses, and 
donkeys) that graze in the upper elevation valleys. The cattle and horses are usually 
allowed to graze freely throughout the upland valley and often seek out the moist-wetland 
or riparian lands. Very infrequently are cattle contained in corrals or paddocks. Sheep are 
often tended and kept either in large community flocks or in individual household flocks. 
Livestock in the Andes often serve as more than a subsistence-based livelihood strategy 
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(Orlove, 1977a). Livestock supplement income, provides milk for cheese, and are also 
readily accessible for sale and are therefore considered a form of financial security.  
Interviews also revealed that 68% of the informants obtained medicinal or 
culturally relevant plants from the upper elevations, interior to HNP. Over 48 plants 
(Appendix 2) were documented with medicinal properties from areas in the periphery and 
core zone of the National Park. Plants, such as Baccharis latifolia, Viola replicata, 
Perezia multiflora and many others were reported to primarily be for personal or 
household use to cure human or animal illnesses, dyes for handicrafts, or ceremonial 
purposes. The aforementioned plants are multi-purpose medicinal plants for ailments 
such as cough, flu, bronchial infections, and for susto. On occasion, the collection of 
these items was described as important for barter or trade within the community. 
However, these and other medicinal plants are also found in the local markets for sale and 
therefore, their importance for household supplemental income should not be excluded. 
Only 34% claimed to obtain their food crops from the parte alta. The majority of these 
informants resided on the eastern periphery of the National Park. The procurement of 
construction materials from very specific locations inside park boundaries was more 
common and this was identified by 21% of the informants as an important resource. 
The collection of firewood, fishing, and hunting was carried out by 14% and 17% 
of the informants interviewed, respectively. The extraction of resources from the park is 
considered illegal by the definitions by INRENA of a national park. Individuals 
explained that wood from the forests was not collected as a resource by community 
members because cow dung produced a better, higher heat, and smoke-free fire. A 
preliminary interview was carried out in March 2002 with five gentlemen in the 
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Quebrada Ulta, who had just returned from successfully fishing in Lake Aquiscocha. 
Standing beside a large boulder on the side of the path was the following advisory 
painted in red stating: “Strictly prohibited the indiscriminant cutting of trees and shrubs 
and poaching of fish and game inside of HNP” (Estrictamente se prohibe la tala 
indiscriminada de arboles y arbustos y la caza y pesca furtiva dentro de la Parque 
Nacional Huascaran). 
 
Figure 6.5: Resources gathered from the parte alta of the community lands. Clockwise 
from upper left: Collection of rima rima, collection of minerals, medicinal 
plants, glacial ice and water, grazing grounds, natural grasses. 
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Use of Land and Resources Inside 
Huascaran National Park by Informants
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Figure 6.6.: Resource use and collection internal to Huascaran National Park (n=122). 
Carbón and mineral ore is found in very small concentrations on the south-
eastern periphery. The category of Other considered water resources, stones 
or peat, and a few other things There were a number of people that would 
walk to springs and get fresh water and this is represented in the Other 
category. 
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Interviews identified that informants overwhelmingly acknowledged the 
perception of glacial retreat in the Cordillera Blanca. The identification that snow cover 
was much different from the past was evidenced from narratives, commentaries on 
concerns about a future without water, the naming of peaks that were recently “naked,” 
and the identification of other factors. Many of these narratives and the manner in which 
people are coping with them in terms of adaptive capacity are documented in a multiscale 
analysis in Young and Lipton (2006). That glacial recession was a result of broader 
climate cycles was identifed by 37% of informants (n=68) in the narrative perceptions of 
these local people. Interestingly, people identified weather as changing and many reasons 
were attributed to these perceptions. In a Southern community of the park, a group of 
young women informed me that there was impending trouble and that God(s) was/were 
angry. However, the next day one of them chatted with me about how these cycles were 
normal and that she could recall when it was really wet and really cold for three years in a 
row. Other narratives related to the retreat of the glaciers were actually indicative of other 
economic forces. More than six different men, two from the mining town of Recuay, 
talked to me about how they thought the glaciers were melting because of the mines. 
Particularly in the area of Pastoruri, traveling through the Community of Catac, 
informants commented on how new roads that traveled through the valley to get to 
mining sites carried many trucks that stirred up dust and dirt which was part of the reason 
for the glaciers melting. I, unfortunately, did not clarify my questions at the time 
regarding whether they meant that the dust was causing the snow to melt, the passage and 
traffic of the trucks, or the opening of the mines into the mountain resulted in the melting 
glaciers. However, these questions would be interesting to follow up on. Regardless, the 
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narratives from these interviewees indicate that man is somewhat an agent in the 
reduction of glaciers in the Cordillera Blanca. 
6.4 CONCLUSIONS 
Livelihood production strategies and land use in the study area are diversified and 
are based upon subsistence agriculture, pastoralism, mining and industry, tourism, and 
wage labor. Many of the agropastoral and livelihood activities are governed by different 
community institutions and occur in different elevation zones. Within these different 
zones are different tenure regimes. These regimes are the National Park, the Campesino 
Community, households and private property. Within each of these tenure regimes are 
multiple land use and land cover patterns that require governance by different institutions 
(Figure 6.6 and Figure 6.7) This research has revealed that the majority of community 
members participate in at least seven different informal or formal institutions. The 
institutions that were active throughout the study area during the time period of fieldwork 
included civil society, private entities, regional and national governmental organizations, 
national and international non-governmental associations, and researchers (Table 6.5).  
Communities on the periphery of the park have pasture user groups that monitor 
the herds in the valleys, the rangeland, and the quality of the grasslands that the cattle 
graze on (Figure 6.8). Also, community agricultural groups, forestry associations, mother 
clubs, and work groups are involved in monitoring, coordinating and working together 
for the infrastructure, maintenance and management of community land and resources. 
Reliance on community organization for supervision and governance of natural resources  
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Figure 6.7: Elevation Zone to be used in conjunction with Figure 6.8. This graphic provides a perspective for elevation 
stratification of land-use. 
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Figure 6.8: Tenure regime, land use, and land cover for each production zone. Overlapping areas coincide with overlapping  
  institutions involved in governance at the household, community, and National level.
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is high. This signifies a considerable amount of social capital that is contained within 
these systems. Inhabitants’ concerns over rights to access, land availability for current 
and future generations, and resource use are evident when the resources used in different 
elevation zones are examined. Efforts to address concerns about grazing practices and 
grasslands are one of the main points of contention regarding governance of resources in 
HNP. Community institutions that are comprised of individuals from the community 
govern the use of communal land and resources. The majority (79%) of informants used 
upper elevation valleys, internal to the National Park, as grazing land for household and 
communal cattle, sheep, donkeys, or horses. Campesino communities frequently monitor 
and govern the grazing rights in the highland valleys with a community user group, 
known as the Committee of Grassland Users (CUP - Comite de Usuarios de Pastos). 
 Archaeological evidence reveals that humans have had an influence on all 
elevation zones of the Cordillera Blanca prior to pre-Columbian times. Contemporary 
land use strategies within the study area utilize multiple elevation gradients as a way to 
diversify agropastoral production for household subsistence and market economies. 
Additionally, Andean land use creates a dynamic patterning across and within the 
landscape mosaic. Patterns in the Andes may be observed in the form of disturbance 
regimes found in agro-pastoral systems to the imprint of mines or roads traversing the 
highest elevations (Ellenberg, 1979; Young, 1994; Molinillo and Monasterio, 1997). 
Within the Agroecological zone inhabitants are enmeshed in household processes of 
decision making to determine what crops will be planted. These decisions, coordinated 
with horizontal institutions of land tenure and neighboring households, affect the 
landscape mosaic within this dynamic zone.
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Civil Society GOs NGOs 
 
Private 
 
Research 
43 Campesino 
Communities 
 
Irrigation Groups 
 
Rangeland User 
Groups 
 
Forest Resources 
 
Association of 
Workers in 
Tourism 
 
Private interest 
groups 
 
Mother’s Groups 
INRENA  
Park Office 
Glaciology  
 
Institute of 
Culture 
 
Institute of 
Tourism 
 
Municipal 
Mayors from 
10 Provinces 
 
Department of 
tourism, 
Industry, 
Mining 
Urpichallay 
 
The Mountain 
Institute 
 
CARE 
 
USAID 
 
Caritas 
 
Agricultural 
Loan Groups 
 
+12 distinct  
Peruvian 
NGOs 
Religious  
 
Organizations 
-Don Bosco 
The Mining 
Industries 
(Antamina 
Barrick, etc.) 
 
Duke Energy 
Corporation 
 
Agriculture 
(commercial) 
 
Tourism 
 
 
Local 
 
Regional 
 
National 
 
International 
 
Researchers 
Engineers 
 
Technical,  
Engineering, 
Tourism 
Students 
Table 6.3: Institutions that are involved in governance at Huascaran National Park. 
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Figure 6.9: Acopalca, Carhuascancha community meeting (April 4, 2002) and 
Community Pasture User Group meeting (May 17, 2002).  
 
 266   
Moving into slightly higher elevations, community-based institutions govern the use of 
communal pastures and overlap with institutional strategies of the National Park and 
conservation institutions. Vertical institutional linkages to external community 
organizations begin to emerge at slightly higher elevations with interaction of the 
boundaries of the National Park.  
Conservation along a vertical gradient in the Andes must account for land use 
strategies that are simultaneously accessing land and resources in multiple elevation 
zones. Humans have adeptly sought out livelihoods from the mountain environment by 
adapting institutional norms, such as rights to access, for the extraction and utilization of 
resources under private, communal, and public property regimes (Mayer, 1974; 
Zimmerer, 1996; Bebbington, 2000). These regimes are nested at different elevation 
zones of Huascaran National Park and buffer zone. The results of this are overlapping 
land use strategies for both livelihoods and conservation with simultaneously overlapping 
multiscale institutional strategies that must account for the implications of climate change 
of these systems.  
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CHAPTER VII 
Conclusions 
Integrative Research for Examining 
the Andes and Andean Protected Areas  
7.1 INTRODUCTION 
Geographers have long studied human’s role in changing the environment 
(Thomas et al., 1956; Butzer, 1990; Turner et al., 1990). The combined effects of 
ecological and social processes are complex and result in spatial patterns on the land. In 
mountain environments, a coupled social-ecological system constructs culture, 
perceptions, technologies, organization, and patterns of resource use. Researchers have 
studied the various aspects of mountain livelihoods, culture, agropastoral systems, and 
the interaction of biogeographical systems to have a better understanding of the 
interaction of these processes (e.g., Troll, 1968; Brush, 1976; Flores Ochoa, 1977; 
Orlove, 1977b; Netting, 1981; Knapp, 1991; Stevens, 1993; Young, 1993; Mayer, 2002). 
Evident in mountain systems are the mutual imprints of environment and society being 
reinforced: both elements adapted to site and situation, while undergoing a continual 
process of change. 
The history and dynamics of ecological and societal evolution are pronounced 
throughout the Andes Mountains. The placement of the Andes, running the length of 
South America, allows for unparalleled latitudinal and altitudinal biogeographical 
variation (Troll, 1968; Young et al., 2002). Archaeological evidence reveals that 
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communities prospered, thrived, and also disappeared from the highest reaches of these 
mountains for thousands of years (Clapperton, 1983; Burger, 1995; Carey, 2005a). 
Geoecological processes, such as weathering, glacial and fluvial deposition, and 
denudation, in conjunction with human agency from past and present societies, have 
modified the high-energy terrain and contributed to the condition of the present 
landscape. 
Environmental change in the Andes is a result of natural disturbance regimes, 
climate patterns, and human modifications that occur on varied spatial and temporal 
scales (Guillet, 1981; Zimmerer, 1996; Young et al., 2002). Challenges for societies 
living on and near the steep Andean slopes include biophysical perturbations and 
developing the expertise required for production on marginal land (Denevan, 1970; 
Mayer, 1974; Young, 1990; Knapp, 1991; Carey, 2005a). As demonstrated in the 
research by Young (1990), biogeographical variations along mountain gradients are a 
mosaic of biophysical processes and variations in land use that are subject to 
disturbances. Research conducted by Denevan (1970) and Knapp (1991) documents how 
people have developed and maintained ingenuity through adaptive strategies to sustain 
agricultural production on marginal land. In the Andes, Mayer (1974) unraveled the 
cultural traditions for production and utilization of different elevation zones. This 
research revealed that complex societies were fostered in the land use and decision-
making patterns in the Andes. Carey (2005) underscores the importance of these social 
systems that are resilient even after devastating landscape disturbances. In the early 
1800s, European researcher-explorers Humboldt and Bonpland initiated detailed 
biogeographical research in tropical mountain areas. Their early tenets and study of 
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Andean phytogeographical patterns, more specifically the role of climate, elevation, and 
disturbance, continue to be expanded upon with rigorous research (e.g., Sauer, 1950; 
Tosi, 1960; Troll, 1968; Ellenberg, 1979; Gentry, 1982; Peréz, 1987a; Young, 1995).  
Andean inhabitants utilize different elevation and climatic zones for agro-pastoral 
production developing an amalgam of land use systems of pre-Colombian, colonial, and 
modern practices  (Sauer, 1950; Troll, 1968; Murra, 1972; Winterhalder and Thomas, 
1978; Young, 1995; Gade, 1999). This Andean land use pattern can be characterized in 
terms of production zones or patchwork micro-environmental mosaics (Murra, 1972; 
Guillet, 1981; Mayer, 1985; Knapp, 1991; Young, 1995). Research has also documented 
similar patterns of land use in other mountain regions of the world, particularly in the 
Alps and the Himalayas (Rhoades, 1975; Guillet, 1983; Brower, 1991; Stevens, 1993).  
Throughout time, Andean societies have relied upon social, political, and 
technical means for the conservation and management of Andean landscapes and 
resources. Enduring patterns of landscape change from past civilizations, dating as early 
as 2500 BC, are evident in the Andes in the form of cultural and material objects (Herrera 
and Lane, 2004). Archaeological sites, such as Chavín de Huantar at 3,190 m asl in north-
central Peru and Tiahuanaco at 3,810 m asl in the altiplano of Bolivia, reveal traces of 
varied cultural and sociopolitical land-use decisions that supported populations with 
intensive agricultural production through the construction and engineering of terraces, 
irrigation canals, corrals, and architectural structures (Burger, 1995; Rick, 2004).  
It is often difficult to disentangle the multitude of coupled biophysical and social 
variables, how they form dependencies, and operate with feedback loops on various 
spatial and temporal scales (Forman, 1995; Lambin e
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identifying the drivers of land-use and land-cover change is that they may proceed on 
multiple pathways and may have synergistic effects (Turner et al., 2003; Ostrom and 
Nagendra, 2006).  
This research demonstrates that by drawing upon multiple analytical frameworks 
it becomes possible to have a more comprehensive approach to research the coupled 
relationship between humans and the Andean environment. A contribution of this 
research is that it utilizes the multiple frameworks from the principles of landscape 
ecology and cultural and political ecology to identify the patterns of the landscape mosaic 
and then examine what processes are involved in landscape change (Turner, 1989; 
Crews-Meyer and Young, 2006). The processes associated with land change science may 
reveal that corollary and reciprocal biophysical and social factors may be responding to 
environmental modifications (Nagendra et al., 2004a). This research therefore, 
demonstrates that results from land change science and landscape ecology can be linked 
to an analytical framework of cultural and political ecology to understand the policy and 
governance systems mediating drivers of change in and around parks and protected areas 
at different scales (Klepeis and Turner II, 2001; Walsh and Crews-Meyer, 2002; 
Zimmerer and Bassett, 2003b).  
7.2 IMPLICATIONS OF LULCC IN HUASCARAN NATIONAL PARK AND BUFFER ZONE 
Research has demonstrated that analyzing the dimensions of land use and 
landscape change patterns in the Andes requires an integration of culture for an analysis 
of drivers of change. Humans have long modified the landscape of Huascaran National 
Park through various land use strategies. The persistence of agropastoral technologies, 
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knowledge, and patterns that have developed over time has resulted in the dynamic 
system that is evident in the landscape mosaic from 2500 m up to 6768 meters. 
Examining drivers of land use and land cover change in the Andes therefore must tease 
out the biophysical and social factors that are at play within the different land use zones. 
Narratives, policy arrangements, interviews, remote sensing analysis, and data collection 
with informants while in the field were all part of the interpretation for this analysis. 
                 % Change 
              1987 and 2001               Biophysical Social 
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Disturbance, erosion 
Disturbance 
Mining, Roads 
Lakes & 
Rivers 
 
+3% 
Glacial retreat 
proglacial lakes 
Dams 
 
Shrubland +21% 
Moisture availability 
∆ disturbance regime 
Out-migration (fallow) 
More cattle grazing 
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+13% Change in disturbance 
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Tourism, livestock 
Woodland - 21% 
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Grazing, fire 
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Grazing 
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Use of wetlands, 
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Storage 
Grazing areas 
Damming/Channeling 
Glacier -7% Climate change  
Figure 7.1: Biophysical and social factors that influence land use and land cover change 
in and around Huascaran National Park, Peru. 
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Between the years of 1987 and 2001 land cover changes were identified on a 
landscape scale for Huascaran National Park and buffer zone. Classifications of land 
cover (see Chapter 5) identified discrete distinctions amongst land cover types. The land 
cover changes as interpreted through biophysical and social factors are detailed below. It 
is important to emphasize that flows, disturbances, and land use that occur along the 
vertical ecological gradient of the Andes are interactive within the landscape matrix. 
Therefore, changes in the land cover of one class, such as fragmentation or expansion of 
patch size, may produce feedbacks on the surrounding land cover classes.  
Barren - Urban 
The barren-urban land cover class underwent a 1% decrease between 1987 and 
2001. It was hypothesized that this land cover would be greater due to reports of glacier 
recession. However, when examining the barren-urban class on a landscape scale, it was 
evident that the change in land cover was not as hypothesized. The decrease in barren 
cover by only 1% cover had more to do with areas that were classed as barren in 1987 
that were from the disturbance of the 1970 earthquake. Disturbances, erosion, urban 
construction, spoil piles from mines, rocky zones along the Santa River, and rocky scree 
were all biophysical factors for the barren – urban land cover. The social factors that 
correspond to this cover class include mining areas, roads that were paved, and 
construction.  
Lakes and Rivers 
The lakes and rivers land cover class increased by 3% throughout the study area. 
There were lakes that were noticeably higher in 2001, such as Conococha and the 
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Llanganuco lakes that had an impact upon the total hectares of the lakes and rivers land 
cover. There were also noticeably larger proglacial lakes that could be seen in valleys 
where considerable glacial cover was reduced. Lake Conococha was higher in the 2001 
image and the reasons for this are based upon social factors. The damming of the lake 
outlet took place in the year 2000 and had an impact on the households that were adjacent 
to the lake. The reasons for dam were to construct a new road to the Antamina mine. The 
lake was dammed and the flow to the seasonal wetland zone to the north was altered. The 
change in water distribution affected grazing areas for the household and they filed a 
claim against Antamina as a result.  
Another lake that was higher in the study area in 2001 was Lake Paron. However, 
reports from informants revealed that even though the lake levels may have looked higher 
in 2001, the lake was still considered low compared to previous years. The water from 
this lake is siphoned off to the hydroelectric plant for electricity to the coast (see Chapter 
2). Narratives from local households describe the amount of water that is allocated to 
discharge into the Paron river is not sufficient for local agricultural production in the 
Agroecological zone below.  
Shrubland, Shrub dense woodland and Cropland 
The two land cover classes that contained shrubland both experienced an increase 
in land cover. Shrubland and shrub dense woodland underwent a 21% and 13% increase 
in land cover, respectively. Cropland had a decrease by 33% in land cover. The cropland 
trajectory most often changed to shrubland. The land cover changes for these three 
classes are in tandem with the observed land use changes in the study area. Additionally, 
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within the landscape mosaic, these three classes are often adjacent patches. Changes to 
the structure and function of one class from patterns of disturbance and fragmentation 
interacts and produces feedbacks with the other cover classes.  
Biophysical factors that influence shrubland may have to do with the fact that this 
class is dominated by quick growing species that are resilient, adaptable, and 
opportunistically, they can readily establish in rocky or poor soils. They have numerous 
seeds and dispersal mechanisms that would put the vegetation found within this land 
cover class at an advantage. Additionally, given a condition of climate change in some 
areas more moisture as runoff would be available to support dense shrubs and woody 
species. Notable was the fact that the shrubland cover was not very fragmented in the 
landscape mosaic. Dense contiguous cover was prevalent on eastern and western slopes 
greater than 25% in elevation zones between 3700 m and 4050 m. Cropland that was 
more than 5 years fallow had vegetation that was found in the shrubland cover class.  
Three possible social factors correspond to an increase in shrubland across the 
landscape mosaic. The first factor is that the decrease in cropland suggests that areas that 
once were cropped stayed in fallow or were abandoned because of changing livelihoods. 
According to interviews with informants throughout the study area and based upon 
historical and political conditions, out-migration from the region, particularly from the 
eastern Callejon de Conchucos is very high. Individuals left the region during the period 
of the Shining Path and sought out livelihoods in other parts of the country. Informants 
from the eastern periphery of the park documented this in interviews (see Chapter 5). 
However, new roads and new economic opportunities, such as tourism and mining, may 
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bring inhabitants back. Therefore, examining change trajectories and pattern metrics of 
the shrubland ecological gradient will be important for future research.  
Secondly, the other social reason that the shrubland classes are high may have to 
do with a shift in labor, stocking rates, and agropastoral production. Less cropland is 
cultivated because a switch to livelihoods based upon tourism and wage labor reduce the 
amount of time allocated for labor in the agricultural fields. Additionally, money earned 
from wage labor or tourism can be used to buy items at the market. This scenario would 
be that as tourism is becoming increasingly more important as a livelihood option, men 
are investing money and labor working as arrieros. The tourism season starts at the onset 
of the dry season (April) and continues through September when the rainy season begins. 
Money that is made from tourism jobs is reinvested in burros and other livestock, which 
are possibly increasing herd sizes throughout the core and buffer zone. When the dry 
season is over, young men seek out other wage labor jobs on the coast or in urban areas, 
contributing to the high out-migration rate.  
The third factor operates as a cycle of feedbacks between social and biophysical 
systems. This third factor is predicated on the fact that herd sizes are increasing in the 
buffer zone and core of HNP. For example, as livestock and herd sizes increase, so does 
the propensity for disturbance, dispersal, and dissemination of shrubland seeds. Increased 
animals grazing in shrubland zones are prone to picking up seeds and carrying them in 
their fur or depositing them in rich dung. As the animals move and graze, they provide a 
natural disturbance for this vegetation and disseminate different seeds. Daily updrafts and 
downdrafts also must carry seeds on the wind within this ecological gradient for 
dissemination. While this scenario has not been tested, it does offer a potential 
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explanation of feedbacks that occur between social and biophysical systems within the 
landscape mosaic. Therefore, the interactions within the shrubland system integrate the 
biophysical land cover and social land use dynamics found in different elevation zones. 
Woodland 
The woodland class underwent a 21% decrease in land cover between 1987 and 
2001. The results from classifying this land cover may have had some woodland classes 
intermixed with toposhadow or shrubland during the cluster-busting analysis. However, 
discussions with local individuals indicated that within the boundary of HNP, there 
appeared to be decreases in forest patches and an increase in cutting of wood by tourists. 
Numerous concerns about tourists using wood for campfires were raised by local 
inhabitants. This highlights a problem of that could be ameliorated with improved park 
management. Better signage, monitoring, and fines could be used to inform tourists about 
the prohibition of campfires. A biophysical factor for a decrease in the woodland cover 
class is linked to fire. Field staff for Huascaran National Park mapped an approximately 
55 ha area that was the source of a large fire. A fire that burned a patch of this size would 
have an impact on a patch scale, but not as much influence on the landscape scale.  
Grassland and sparse grassland 
Grassland and sparse grassland both changed in opposite directions in the 
landscape. Grassland cover increased by 2% and sparse grassland decreased by less than 
1%. Grassland tended to increase in areas that were formerly in forest cover. A 
biophysical factor of this scenario is that some woodland patches are within the puna 
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grassland system and topographic shadow may have obscured woodland patches while 
increasing the boundary of the grassland puna.  
The social factors relating to changes in land use of the grassland and sparse 
grassland are based upon narratives of overgrazing. Observations of overgrazing of 
grasslands are more significant at a finer grain scale, particularly for household livelihood 
production, rather than at a landscape scale. However, when examining the entire 
landscape of the buffer zone and the park, the alteration of the grassland cover class may 
not be as dramatic. Additionally, conditions and indicators of overgrazing sometimes rely 
upon narratives that are based upon variables tied to livestock productivity. For instance, 
a condition of overgrazing are poor grasslands may be described when a community’s 
herd has low milk production. This issue may have more to do with stocking practices 
than the fecundity of the grassland system. A recommendation for improving cattle 
productivity and for monitoring the disturbance regime of the grassland system is to have 
rotational enclosures for herds rather than open grazing throughout the entire grassland 
system.  
Wetlands and mesic grasslands 
Wetland land cover underwent a significant increase of 181 percent in the study 
area. The majority of this change occurred because of the area adjacent to Lake 
Conococha becoming classed as wetland following the damming of Lake Conococha. 
However, upper elevation valleys and areas within the agroecological zone were also 
classified as wetland and seasonal mesic grasslands. The biophysical factors may have to 
do with climate change and increased runoff. However, cultural factors regarding the use 
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of wetland areas also contribute to a better understanding of why this land cover class is 
increasing. Wetland and mesic grassland areas are prime zones for herding practices. The 
soft ground with standing water provides a good water and nutrient source in elevations. 
Additionally, springs and mesic grassland with poorly drained soils can be intentionally 
backed up or dammed as a way to keep fresh water available. Certain wetlands were 
channelized in upper elevations to provide drainage to very specific areas with corrals or 
homesteads. Cultural factors also indicate that peat and organic material from wetlands 
are cut and dried to use for building or burning material. These cultural practices, in 
conjunction with climate change, would result in the high percent cover that is evident in 
the wetland class cover from the imagery and from the field. 
Glacier – Ice – Snow 
Lastly, the glacier-ice-snow land covers class decreased by 7 percent. The 
changes that were observed within the glacier class are linked to biophysical factors. 
Additionally, these observations were supported not just by other researchers, but also 
perhaps more importantly, by local inhabitants. The perceptions of how climate is 
changing in the Andes and the impacts on livelihoods offer a perfect linkage between the 
biophysical and social factors of landscape change. As the biophysical responses of a 
changing climate occur, social factors and mechanisms are adapting to these changes 
rapidly. Cultural technologies, knowledge, and capacity are modifying livelihood 
approaches to address land cover changes that are in process. Additionally, these changes 
in the landscape are occurring at various scales. Patch scale and household decisions are 
modified to address the landscape scale land-cover changes.  
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The above combinations of biophysical and social factors of landscape change 
emphasize the importance of the dynamism in the Andean landscape mosaic and adaptive 
capacity of Andean households. As land use changes occur in different elevation zones, 
land cover most often will also occur. However, if conservation of these landscapes is the 
primary goal, it must account for the livelihoods that are active within all elevation zones.   
7.3 IMPLICATIONS OF CONSERVATION IN HUASCARAN NATIONAL PARK AND 
BUFFER ZONE  
Conservation within the core of Huascaran National Park and buffer zone requires 
an examination of the multiple overlapping institutions that are actively involved in land 
use and governance at different elevation gradients. Andean land use patterns and cultural 
traditions have their own governance systems to conserve, monitor, manage, and address 
livelihood needs within each ecological gradient. The Comunidad Campesina, as a 
governance and cultural institution, maintains a high and constant level of involvement in 
social networks and interaction with the biophysical landscape mosaic. Community 
members exhibit a strong need to uphold social responsibility and associations because of 
extended family connections, “social insurance,” mutual coercion and the bonds of 
collective action. These qualities are all components of the Andean community 
governance system. By not participating in community activities or institutions there are 
the compounded repercussions of losing access to land and resources, waning respect and 
prestige among family and neighbors, and disintegrating social connections which would 
otherwise be supportive in times of need. When local perturbations occur, governance 
decisions are followed by immediate action and reaction to ameliorate situations with a 
quick response and information transfer among different community members. This does 
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not mean that at all times community governance functions without problems. There are 
known alliances, familial obligations, bribery, and disrespect among different community 
members. However, if community needs and interests are not adequately met or if the 
individual interests of a community official get in the way of overall decisions, 
community members are quick to respond. 
Intra- and inter- information transfer in Campesina communities is exchanged 
through kinship networks that are regularly active in community meetings. However, it is 
in the action realm where people take notice of institutional decisions. When livelihoods, 
rights, or welfare of community members is compromised, people confront the issue in 
force or through subtle acts of resistance. For this reason, a high level of transparency 
exists in community institutions because individuals are immediately responsible for the 
outcomes from their decisions.  
As human systems have modified ecological gradients throughout the Andes, 
certain land use disturbances have undoubtedly contributed to the ecological diversity 
accounted for in these landscapes. Regional, national, and international institutions 
interested in managing for biodiversity and conservation need to incorporate Andean land 
use patterns in order to address what the goals of conservation would be. Examining 
changes in land use patterns and land cover within HNP and buffer zone demonstrated 
that certain elevation zones were more affected than others were. Therefore, goals for 
conservation would be best suited to function horizontal, along the landscape, and 
vertically throughout elevation zones by adopting a conservation corridor model. The 
conservation corridor would bridge horizontal and vertical linkages to institutions that are 
involved in active governance within each land use zone.  
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Park and conservation organizations need to surmount the embedded negative 
perceptions that are long held by local people of governmental organizations in order to 
achieve long-term goals. Historical legacies, poor communication, a lack of trust, and 
land insecurity have resulted in local and extra-local struggles over rights of access and 
use to natural resources. Past institutional failures, park management policies, and 
external interests have influenced the planning process throughout HNP and buffer zone. 
The wariness with which local inhabitants will engage with extra-local institutions will 
affect the future directions for national park management. Communities have positioned 
themselves to demand that local needs be met and integrated into park management 
plans. Community cohesion often supersedes external authority imposed by regional and 
national conservation institutions. Therefore, in order to address conservation goals, 
sustainable patterns of land use within the buffer zone and core of HNP must be 
integrated to achieve long lasting results. 
7.4 ANALYTICAL FRAMEWORKS OF ANALYSIS 
Land-Use and Land-Cover Change  
Human patterns of land use are considered to have the largest impact on 
biodiversity by modifying land cover and is considered a major input to global climate 
change (Vitousek et al., 1997; Sala et al., 2000; Turner et al., 2003). Land use is defined 
as the broad set of human actions (or inactions) that preside over a given territory. Land 
use includes the context in which people modify, manage, or use natural resources. 
Whereas, land cover is defined as different vegetation and biophysical categories on the 
landscape, many of which are created, maintained, managed, and/or vulnerable to 
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anthropogenic modifications (Anderson et al., 1976; Meyer and Turner, 1994). In land 
change science, land cover patterns from different temporal periods are integrated with 
land use data to analyze the trajectories of anthropogenic modifications of the landscape 
by combining natural, social, and geospatial sciences (Lambin et al., 2001; Turner, 2002; 
Gutman et al., 2004).  
Land-use and land-cover change (LULCC) research provides information on 
landscape dynamics (e.g., Entwisle et al., 1998; Crews-Meyer, 2002a; Lambin et al., 
2003; Rindfuss et al., 2004b), ecosystem management (e.g., Zheng et al., 1997; Klepeis 
and Turner II, 2001; Kintz et al., 2006; Mena et al., 2006) and human impacts (e.g., 
Anderson et al., 1976; Jensen and Cowen, 1999; Sierra et al., 2003; Schneider et al., 
2005) and are important for global climate change studies (e.g., Geist and Lambin, 2002; 
Keys and McConnell, 2005; Young et al., 2006b).  
LULCC research incorporates geospatial technologies as a method for 
monitoring, mapping, and measuring the earth and its changes in time (Walsh and Crews-
Meyer, 2002; Parker et al., 2003). The multispectral capabilities of satellite data improve 
analyses by providing biophysical and temporal measurements of features, particularly 
vegetation (Skole and Tucker, 1993; Congalton and Green, 1999; Tucker and 
Townshend, 2000). Elements of land cover are mapped, measured and compared over 
time in a land cover change detection for the quantification and analysis of heterogeneous 
and complex landscape patterns (Green et al., 1994; Woodcock and Ozdogan, 2004).  For 
example, trajectories of land cover change can be represented by examining how pixels 
change as land use converts from forest to field to cropland. Land change science may 
examine the biophysical parameters of specific land cover types and how these may be 
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affected by patterns of fragmentation, isolation, or patchiness (Forman and Godron, 1986; 
Turner et al., 2001). Patterns and drivers of human land use, such as the construction of 
roads, may determine future patterns of land cover (McGarigal et al., 2001; Crews-Meyer 
and Young, 2006).  
Land use/land cover change research considers not just the evidence of human use 
of the land but the socio-political contexts that people are engaged in which results in 
different land transformations (NRC, 1998; Gutman et al., 2004; IGBP, 2005). Different 
dimensions of drivers, proximate, socio-economic, and biophysical, operate  
exogenously, independently and synergistically at various local to global scales (Lambin 
et al., 2003; Turner et al., 2003; Burgi et al., 2004). Cultural and political dimensions are 
identified as driving processes that contribute to land-use conversion and/or land-use 
modification (Butzer, 1980; Guillet, 1981; Blaikie and Brookfield, 1987b; Entwisle et al., 
1998; Lambin et al., 2001; Nelson et al., 2006; Turner et al., 2007).  
A suite of widely available geospatial technologies using coarse to fine spatial, 
spectral, and temporal resolutions permits a menagerie of land-use and land-cover change 
research. The analysis of policy and institutions, in conjunction with biophysical and 
proximal drivers of change, may contribute to theory on global change (Crews-Meyer, 
2002b; Ostrom and Nagendra, 2006; Turner et al., 2007). An integration of multiple 
methods and multi-scale analysis is necessary to synthesize synergistic biophysical and 
socioeconomic conditions (Lambin et al., 2003; Rindfuss et al., 2004b; Woodcock and 
Ozdogan, 2004).  
A challenge for researchers of land change science is obtaining information from 
local narratives about the land that joins LULCC data with land management at various 
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political scales. Mapping land and water territories increasingly happens in indigenous 
communities and is a component of political activism, known as “countermapping” 
(Poole, 1995; Rundstrom, 1995; Herlihy and Knapp, 2003; Smith et al., 2003). Applied 
projects combining GIS and imagery, along with simple hand-held GPS units are used by 
people to define boundaries to their land and assert territorial tenure claims (Rundstrom, 
1995; Dana, 1998; Herlihy, 2003; Chapin et al., 2005). The results of these kinds of 
studies may contribute to approaches for natural resource policy or as environmental 
management strategies by incorporating social justice issues and local governance 
structures (Ascher and Healy, 1990; Geoghegan et al., 1998; Clark, 2002; Turner, 2005). 
Information on traditionally sacred areas can also be incorporated into a more subjective 
or culturally important map and may reveal patterns and processes of climate change 
(Poole, 1995; Chapin et al., 2005; Rhoades et al., 2006). 
Maps that incorporate local narratives provide a wealth of information that not 
only are important for political reasons, but also for local land management and land 
cover change research. When map-making tools, techniques, and skills are part of the 
research methods in a local or indigenous community, people can use the maps to assert 
local, state, or national political power and convey their cultural identity spatially (Butzer 
and Williams, 1992; Orlove, 1993; Rundstrom, 1995; Basso, 1996; Herlihy and Knapp, 
2003). In this research, local people identified landscapes that were changing from their 
perspective and perceptions. Their perceptions of landscape change revealed not only 
biophysical processes of landscape change but also social and political dynamics of 
change. Research that blends analytical frameworks of narratives and patterns of 
landscape change may inform broader disciplinary questions that are attempting to 
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disentangle how landscape and human processes occur across multiple spatial or 
temporal scales.   
Research methods, such as geospatial techniques, analysis of institutions and 
policy, and a narrative approach are all important to tease apart the complex patterns of 
landscape change (Lambin et al., 2003; Burgi et al., 2004). Burgi et al. (2004) claim that 
one of the most difficult challenges for land change science is the integration of culture to 
the analysis. The narrative approach examines the qualitative data of historical 
dimensions, embedded perceptions, circumstantial evidence and inferences for a given 
locale (Robbins, 1998; Jiang, 2003; Burgi et al., 2004). Narratives are a component of 
creating place and claiming a sense ownership, as well as identity, for many local and 
indigenous people (Basso, 1996; Bassett and Zuéli, 2003; Rhoades et al., 2006). In this 
research, articulations about a site from local stakeholders informed not only political and 
economic factors of land use but also cultural beliefs and values. Ultimately, these 
narratives could be powerful when integrated into the products of land use/cover research 
and represented in the form of cartographic representations of a place. Invariably, human 
goals, values and beliefs motivate human action and may be reflexive enough to observe 
the coupled social-ecological system and mediate future decisions about land use. 
However, there are challenges for linking cultural narratives to the landscape 
patterns and data of land change science research. For instance, aggregating perceptions 
of landscape change from a local level, as perceived by a rural inhabitants, to the broad 
landscape of Huascaran National Park, may make it difficult to isolate the exact driver of 
landscape change. An integral and mutual component of land use change and local 
narratives of place is that they inform both patterns and process: whether social, 
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biophysical, or synergistic in nature. It is at this juncture of pattern and process where the 
analytical framework of landscape ecology becomes significant. 
Landscape Ecology - Spatial patterns, heterogeneity, and corridors 
From a synoptic view of a landscape, patterns can be delineated. These patterns 
occupy a spatial area and create an image of the “landscape.” A common terminology 
and the beginnings of Landscape Ecology were developed by Carl Troll in 1939 when he 
used aerial photographs and landscape analysis to aid in the characterization of landscape 
features. Troll (1939) acknowledged that perceptions, along with knowledge of biological 
and geographical principles, provide an integrated and holistic approach for studying the 
landscape. The common terminology of landscape ecology allows for comparisons of 
landscape elements to be made (Troll, 1939). Therefore, in landscape ecology the names 
for individual spatial pattern elements are patches, corridors, and matrices (Forman and 
Godron, 1986). These terms characterize the patterns on the landscape and provide a unit 
of analysis. When examined in totality, these elements comprise a mosaic.  
In landscape ecology, the mosaic and its individual elements of patches, corridors, 
and matrices are the units of analysis. They can be measured, quantified, and modeled 
individually or in relation to surrounding features (Frohn, 1998; Trani and Giles, 1999; 
Urban et al., 2002; Wu, 2002; Turner, 2005). An inherent quality, such as the structure of 
an element, can be studied and quantified with respect to size, shape, composition, or 
number (Legendre and Fortin, 1989; Turner, 1989; Forman, 1995; Spies and Turner, 
1999). Also, a functional quality or an ecological process can be examined internally and 
externally, and increasingly are integrated with processes initiated by human agents 
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(Weinstein and Shugart, 1983; Messina et al., 2000; Tischendorf and Fahrig, 2000; 
Crews-Meyer, 2002a; Dorner et al., 2002; Urban et al., 2002; Cayuela et al., 2006).  
Landscape ecology allows for spatial and non-spatial attributes of the landscape to 
be assessed in multiple spatial and temporal scales (Quottrochi and Pelletier, 1991; Wu, 
2002; Turner, 2005). Young and Aspinall (2006) have coined the term “kaleidoscoping 
landscapes” to demonstrate the multiple, varied, and “shifting” spatial and ecological 
patterns on the landscape. A spatial attribute of concern might be the area of coverage of 
a certain stand (or patch) of trees, whereas, a non-spatial attribute might be the number of 
species that occupy a forest patch. Dynamics, such as energy flows, disturbance regimes, 
and biophysical variation can be studied in each of the spatial elements and often these 
dynamic characteristics contribute to the spatial structure, configuration, and interactions 
of the elements themselves (McGarigal et al., 2001; Crews-Meyer, 2002a; Lambin et al., 
2003; Southworth et al., 2006a). In landscape ecology, the spatial configuration, the 
scale, and the processes driving the interactions among and between different spatial 
variables are each components of a dynamic landscape (Turner, 1989; Tischendorf and 
Fahrig, 2000). Spatial elements are often found in a landscape and by undergoing studies 
of the structural characteristics, the dynamics and thresholds of interaction can be studied 
in relation to one another (Grime, 2001; Turner, 2001; Crews-Meyer and Young, 2006). 
Heterogeneity, or the variation of habitat or ecological process in space, can be 
the result of biotic or abiotic factors (Wu and Loucks, 1995; Spies and Turner, 1999; Wu, 
2002). Biotic factors, such as natural disturbances or succession, are processes that have 
an impact on spatial patterning. Abiotic factors, such as environmental variation, 
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including slope, elevation, insolation, contribute to landscape heterogeneity and influence 
the spatial pattern of landscape elements.  
Stochastic patterns are sometimes the result of disturbances and are a focal point 
for landscape ecology studies (Botkin, 1990; Zimmerer and Young, 1998; Zimmerer, 
2000). Disturbance regimes are a focus of interest in landscape ecology because of the 
fluctuation in spatial heterogeneity and shift of ecological processes that occur (Forman 
and Godron, 1986; Zimmerer and Young, 1998). Disturbances can be characterized as 
events that create new patterns and transitive ecological processes and are marked by 
their frequency, magnitude, and spatial extent upon the landscape. Some events might be 
predictable and more frequent during a certain time of the year. For example, fires in the 
dry season or river flooding in wet seasons are more prone to happen on annual cycles, 
whereas other disturbances may be more stochastic in nature, like a blowdown in a forest, 
a fire, a landslide, flooding, or a pest outbreak (Meetenmeyer and Box, 1987; Chuvieco 
and Congalton, 1989; Botkin, 1990; Blumler, 1998; Allcock and Hik, 2003).  
Research has found that disturbance processes, both anthropogenic and 
biophysical, build complexity (Wiens, 1989; Wu, 2002; Butzer, 2005).  Many 
disturbances alter the patterns on the landscape for a brief period and eventually add to 
the overall species richness levels (Forman and Godron, 1986). The spatial coverage of a 
disturbance has an impact on overall landscape heterogeneity (Meetenmeyer and Box, 
1987; Wiens, 1989; Noss and Cooprider, 1994; Wu and Loucks, 1995; Scott et al., 1999; 
Turner et al., 2001). Disturbance events that occur over a broad spatial area will have an 
impact on environmental gradients, whereas events that are contained within a patch or 
the matrix will be more constrained. Short duration, low-intensity disturbances will have 
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a different return interval than a short duration, high-intensity event. For example, a 
seasonal grassland fire will have a different effect on mosaic or patch processes than a 
landslide. The intensity level and the type of the disturbance will influence the land 
mosaic in the short and long term and could be retained as a legacy in the mosaic and 
influencing future processes.  
Issues of spatial and temporal scale are covered thoroughly in landscape ecology 
and LULC literature (for a landscape ecology focus: see (Mertens and Lambin, 2000; 
Lambin et al., 2003; Brown and Purcell, 2005; Ostrom and Nagendra, 2006; Southworth 
et al., 2006a); for LULC see: (Mertens and Lambin, 2000; Lambin et al., 2003; Brown 
and Purcell, 2005; Ostrom and Nagendra, 2006; Southworth et al., 2006a). Spatial scale 
refers to the amount of area that is considered. Spatial resolution or grain is considered 
when working with remote sensing data, whereas extent refers to the coverage of the 
study area in question. Increased complexity may be assessed with finer spatial 
resolutions. The importance of scale is that it determines the collection of data, how the 
variables are quantified and aggregated, and the manner in which these data are 
quantified  
In ecology, scale also refers to what level or unit of analysis will be considered for 
an investigation. Most processes that involve people and ecosystems operate along 
interwoven and interconnected gradients. Scott et al. (1999) describes how these 
gradients of spatial scale are examined within a hierarchical continuum from broad to 
fine scale. Each spatial parameter contains a next finer unit of analysis and within that 
unit are even more discrete categories to be distinguished (Meetenmeyer and Box, 1987; 
Wu and Loucks, 1995; Wu, 2002). Establishing and defining which scale is addressed 
 290   
also illustrates what objectives and sets of questions are being asked in a specific study. 
However, there is a tendency to assume that landscape change occurs spatially 
homogeneously throughout a land mosaic (McDonald and Urban, 2006). While this 
assumption may be used to characterize certain trends, it is important to stress that 
ecological and scalar units are suffused with heterogeneity and complexity (Legendre and 
Fortin, 1989; McDonald and Urban, 2006). Therefore, employing a multiscalar 
perspective allows a researcher to examine the inter- and intra-actions among and 
between different resolutions of analysis, whether in the biophysical or social dimension.  
The heterogeneity of flows and energy transfers in mountain environments make 
it challenging to correlate the biophysical and social agents impacting pattern and process 
on a landscape scale (Olsson, 2000; Dorner et al., 2002; Wu, 2002; Brandt and 
Townsend, 2006; Young and Aspinall, 2006). Structural and topographic landscape 
complexity contributes to isolation, climatic extremes, and increased specialization to 
accommodate the constraints of the physical environment (Dorner et al., 2002; Young 
and Aspinall, 2006).  
Fragmentation is a direct cause of habitat loss and local species extinctions 
because of the increased isolation of patches (MacArthur and Wilson, 1967; Csuti, 1991; 
Nagendra et al., 2004a). Fragmentations is also recognized to be among the foremost 
threats to biological diversity (Laurance and Bierregaard, 1997). Environmental 
incentives and approaches for reducing the rapid rate of patterns of anthropogenic 
fragmentation sometimes consider conservation corridors for protected area design. An 
element of the landscape mosaic, the corridor, serves as a compelling heuristic device for 
 291   
initiatives focusing on conservation; this is because in a corridor, connectivity and 
linkages of landscapes and people can occur.  
Advocates for the corridor approach attest that such a design facilitates landscape 
connectivity when combined with restoration and management plans across a large area 
(Harris and Scheck, 1991; Noss, 1996). When a corridor is connected with other corridors 
and associated patches into a networked system, there is a frequently an assumption that 
habitat fragmentation and species loss will be reduced (Csuti, 1991; Saunders and Hobbs, 
1991). While conservation corridors are not guaranteed as a deterrent for fragmentation, 
they are one conservation strategy that focuses on connectivity (Fahrig and Merriam, 
1985; Noss, 1991; Harrison and Bruna, 1999). 
Conservation corridors are one strategy that may be brought into discussion of 
public policy as a means to protect habitat and address concerns of global change 
(Simberloff and Cox, 1987; Csuti, 1991; Zimmerer et al., 2004). The corridor model is 
considered a viable solution for trans-border conservation goals, integration of 
conservation goals with local communities, and biophysical conservation (Henein and 
Merriam, 1990; Lipton, 1999; Zimmerer et al., 2004). The regional or cross-continental-
scale corridors focus on landscape conservation and recommend these habitats as 
“ecotourism” venues (Noss, 1992; Burger, 2000). However, conservation corridors also 
may be relevant for conservation given conditions of climatic change. 
Forman (1991) agrees that conservation strategies will require public support. 
However, the type of participation and involvement required or involved for a 
conservation corridor is not clearly determined (Simberloff and Cox, 1987; Forman, 
1991; Saunders and Hobbs, 1991). Critiques recognize that there are some 
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misconceptions and debates about corridors, although the argument is focused on the 
biological and ecological attributes of corridors (Noss, 1991; Dobson et al., 1999; 
Harrison and Bruna, 1999). On a list of at least six major trade-offs associated with 
corridors, only one discusses the costs of the social and political context under which a 
corridor is governed (Dobson et al., 1997). In most cases, it will be the actions that 
happen within a local, social-ecological context that will determine the outcome of the 
corridor. When it comes to examining the human aspects of conservation corridors, most 
of this recent work does not address these lacunae.  
Cultural and Political Ecology Framework 
The analytical framework of cultural ecology and political ecology contributes to 
an improved understanding of the human dimensions of landscape change and 
conservation. For the research conducted in and around Huascaran National Park, cultural 
ecology and political ecology provides an analytic manner in which to combine the 
spatial and temporal contexts of environmental change, access and conflict over 
resources, and the political consequences of decision-making and governance at multiple 
scales of environmental change (Bryant, 1992).  
As noted in Peet and Watts (1996:13), political ecology is undergoing a stage of 
re-theorizing with “ideas and concepts derived from post-structuralism and discourse 
theory.” The authors label this intellectual genre “liberation ecology” for its perspectives 
on the environment, human agency, and the relationship to civil society and institutions 
(Carney, 1996; Robbins, 1998; Bebbington, 2000; Nygren, 2000). Of particular value in 
these studies is the concentration on what is occurring in the local, place-based context 
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and how this relates to scale. How are people negotiating and articulating their agendas 
and aspirations at broader scales and in different arenas? Escobar (2001: 144) asserts that 
ideas of “local” have eroded and are now “indissolubly linked to both local and extra 
local places” through networks and linkages (Escobar, 2001). These networks are 
increasingly entangled at multiple scales and can result in the re-articulation of truths and 
knowledge at each scale. Therefore, as noted by Swyngedouw (1997), scale is “not 
socially or politically neutral, but embodies and expresses power relationships.” A notion 
of “jumping of scales” (Smith, 1993) or cross-scale research refers to the process of a 
simultaneous movement in sociospatial regulations and political scales among more 
coarse or more fine geographic scales. This approach acknowledges that matters of scale 
do not only function in hierarchical approaches but should be addressed synergistically 
(Wu and Loucks, 1995; Liverman et al., 2003; Turner et al., 2003; Opdam and Wascher, 
2004; Brown and Purcell, 2005; Keys and McConnell, 2005). 
Human population growth and use of resources have led to innovative techniques 
so that they can pursue their goals (Boserup 1981). Certain types of agricultural systems 
have adapted to population increases through agricultural intensification. Intensification 
is the process of increasing land production by unit area and producing more food per 
unit area. The process of innovation in agriculture in the face of rising population has 
lead to intensification, terracing, irrigation, raised fields or intercropping (Boserup 1965; 
Denevan 1992; Knapp 1991). Cultural adaptation and adaptive dynamics, although not 
directly related to the critiques of the limits to growth and sustainability debate, bring in 
the fact that people and culture respond to changes through a process and select through 
their rational behavior the best strategy for coping with or benefiting from change 
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(Denevan 1983; Knapp 1991). In other words, people’s individual and cultural systems 
will deal with increased population growth and use of resources through their own 
behavior and skills. Counter to Hardin’s thesis on exploitation of the commons, studies 
on the use of natural resources in communal areas have shown that many traditional (and 
modern) social institutional arrangements have developed collective management 
strategies (Bromley 1989; Nietschmann 1973; Berkes 1977; Netting 1993; Ostrom 1990). 
Environmental governance deals with the process of how networks and alliances, 
undergoing exchanges of resources, communication, and information transfer, influence 
how actors in society operate, make decisions, establish norms, and how they are 
sustained by shared goals in order to thrive and/or achieve their goals (Young, 1997; 
Gibson et al., 2000a; IUCN, 2004; Brunner et al., 2005). Lemos and Agrawal (2006) 
define environmental governance as the processes, behaviors and actions of incentives, 
regulations, socio-political and economic mechanisms through which institutions, 
decision-makers (individual and otherwise), and organizations are concerned with 
environmental outcomes. In the social sciences the concept of ‘governance’ tends to be 
more inclusive than the normative use of the word often found in corporate or regulatory 
usages (Biermann, 2007). The difference in the social sciences is the recognition of the 
role that non-traditional, non-hierarchical civil society, private, corporate, and public 
actors contribute to addressing policy issues (Stoker, 1998; van Kersbergen and van 
Waarden, 2004; Brunner et al., 2005).  
The role of governance is an important contribution for assessing park-people 
perspectives and patterns of landscape change in the Andes. The governance systems that 
are in place to manage national park lands and those of peripheral communities may 
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operate in opposition to one another and/or at different temporal scales. More 
specifically, the entities involved in governance are international, national, regional and 
local institutions that have different temporal and spatial scales of management and 
application. 
Analyzing environmental governance can engage a cultural and political 
ecological framework and land change science approach because of the attention to 
spatial and temporal scales within and across which individuals and institutions operate 
(Bassett, 1988; Liverman et al., 1998; Walsh and Crews-Meyer, 2002; Zimmerer, 2006a). 
The manner in which people behave, the constraints and contexts of decision-making in 
regards to production and land use, the narratives they use to communicate their agendas 
and strategies, and then the actions in which they carry it out over time are all the foci of 
cultural and political ecology (Denevan, 1983; Blaikie and Brookfield, 1987b; Butzer, 
1989; Bryant, 1992).  
The recognition that actors and institutions are but also woven into an intricate 
social lattice is increasingly acknowledged as an approach to study human-environmental 
synergisms (Folke et al., 2002; Walker et al., 2004; Young et al., 2006b). A cross-scale 
environmental governance approach, therefore, is critical for examining protected areas 
due to globalization and multiscalar institutions that actively create and affect new spaces 
in very local places (McNeely and Miller, 1984; Agrawal, 2000; Escobar, 2001; Chapin, 
2004; Zimmerer, 2006b).   
Bebbington (2000) identifies transformations as a result of the cross-scalar 
process of environmental governance in the Ecuadorian Andes. Rather than interpreting 
the changes in the context of dependency theory or in a neo-liberal interpretation, 
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Bebbington writes that the ability to reorganize and hybridize different contexts has 
transformed the landscape and opened new opportunities for the rural Quechua. By using 
existing institutional structures and creating new ones, local people have appropriated the 
political spaces available to position their articulations and to negotiate the contested 
terrain of development. This reifies the claim that the production of scale is a political 
and social construct that can be powerfully manipulated or co-opted for strategically 
relevant purposes (Escobar, 1998a; Goldman, 2003; Zimmerer and Bassett, 2003a; 
Brown and Purcell, 2005; Robbins, 2006).   
The legal, regulatory, and policy-directed decisions regarding natural resources 
are revealed by analyzing the institutions operating at multiple scales (Robbins, 1998; 
Ostrom, 1999; Clark, 2002; Ostrom and Nagendra, 2006; Turner, 2006). Contributing to 
this analysis are studies conducted on common-pool resources and how formal and 
informal institutions shape the way in which resources are used when there are a plurality 
of overlapping, and occasionally opposed, interests (Jodha, 1987; Berkes, 1989; Ostrom, 
1990; Tucker, 1999; McKean, 2000; Dietz et al., 2003). In land management, protected 
areas and parks are one arena where multiple institutions overlap for conservation and 
environmental governance. Moreover, as demonstrated in this research, attention needs to 
be placed on the role of identities and the notion of “local” as porous and permeable to 
demonstrate the transformative process that occurs with globalization. 
Cultural and Political Ecology for Governance in Conservation  
While memory is not uniform and shared in the same manner among all 
individuals, as the findings above demonstrate, the narratives of land and resource use 
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within Huascaran National Park as a contested territory undergoing land cover and 
climate change is prevalent in and around the Cordillera Blanca. In this research, it is 
demonstrated that political ecology serves as an incredibly useful intellectual framework 
to analyze how this occurs on a spatial and temporal scale, the agents, and the political 
and ecological components of parklands and peripheral populations. 
The establishment of parks and protected areas is a land-use strategy devised to 
minimize the human imprint and maximize “natural” processes while conserving flora, 
fauna, and ecosystem processes. The rationale for establishing protected areas has 
evolved over time and tends to be site and context specific. There are many scientists and 
policymakers who feel that parks are the sole solution to a host of processes that erode 
biodiversity (Terborgh and van Schaik, 2002). In fact, it has even been argued that the 
only manner in which nature will be conserved is through the enforcement of parks and a 
reliance on institutional mechanisms that ensure that threats to parks are diminished 
(Bruner et al., 2001; van Schaik et al., 2002). In their argument, these authors 
acknowledge that the majority of parks in the developing world have people living or 
using resources within park boundaries and that this contributes to land conversion and 
habitat fragmentation. Although, this argument has been countered by other researchers 
whom have found that patterns of sustainable resource use may exist under different 
scenarios (Ostrom, 1990). The difference is that certain social institutions may exist 
within certain social and cultural contexts and thus, may play a role in determining what 
resources are used, how, when, and by whom. 
Conservation areas are more likely to include anthropogenic or “second nature” 
landscapes with an extensive or fluid coverage. The sociopolitical contexts of 
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communities on the periphery of a conservation area should be involved and understood 
within the terms of the “layered alliances” of which they are a part (Young, 1993; Young 
and León, 1993; Agrawal and Yadama, 1997). Analyzing the multiscalar institutional 
networks that are active in shaping and applying policy or incentives for conservation in a 
protected area, may also be linked to studies that examine patterns of ecological change 
over time (McNeely and Miller, 1984; Stevens, 1997; Brandon et al., 1998; Bruner et al., 
2001). 
Cultural and political ecologists often regard conservation in a multitude of ways 
and challenge one another within academic debates and even within applied policy. 
Discussions circulate regarding the construction of nature and the resulting power 
dynamics exerted by western conservation perspectives (Harvey, 1984; Shiva, 1993; 
Cronon, 1995; Escobar, 1995; Peet and Watts, 1996b). Some have articulated the idea 
that protected areas were initially established out of a need to have areas of “pristine 
environments similar to those that existed before human interference” (Gómez-Pompa 
and Kaus, 1992). However, these authors overlooked evidence that nature has been 
continually shaped and reconstructed throughout the world by human agency (Butzer, 
1993, 1996).  
Denevan (1992) argued that nature has been modified and altered by humans over 
many millennia. Global environmental change has resulted in a near-ubiquitous between 
environmental systems and humans. Additionally, in many scenarios humans have played 
an important role in maintaining and contributing to biological diversity (Oldfield and 
Alcorn, 1991; Piperno and Pearsall, 1998; Fjeldså et al., 1999; Zimmerer, 2003). 
Ultimately, the magnitude of human disturbance and the spatial and temporal scale may 
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determine the trajectory and degree of environmental change. Therefore, in certain 
conditions where drivers of environmental change are trending towards longer duration 
temporal environmental disturbance, conservation in the form of parks and protected 
areas are deemed by many as an appropriate solution to retain zones where there are 
minimal human disturbances. 
The goals and management of parks are viewed as a transported North American 
model of conservation and environmentalism, that uses a scientific approach as a 
dominant power structure to assert what lesser developed nations should do with their 
land while, not taking into account local realities or politics (Pimbert, 1993; Janzen, 
1994; Pimbert and Pretty, 1995; Wood, 1995; Escobar, 1998a; Fairhead and Leach, 2000; 
Chapin, 2004). Other veins of research that counter the role of protected areas in 
developing countries examine the narratives of “wilderness,” “nature,” and “degradation” 
and reinterpret these descriptions through eco-Marxist and post-colonial analyses 
(Robbins, 1998; Sundberg, 1999; Eden, 2001; Neumann, 2003).  
Sundberg (1999) found that conservation organizations within the Maya 
Biosphere Reserve in the Petén, Guatemala were using western-based ideologies of 
pristine nature and bringing in power structures that substituted western-scientific 
knowledge in a hegemonic position, while supplanting local technical knowledge and 
political structures. This research was conducted by analyzing the discourse of 
conservation and sustainable development projects. Sundberg (1999) posits that 
conservation organizations are creating “NGO landscapes” by exerting a specific 
“appropriate” vision for the people of the Petén. The NGO landscape visions are certainly 
not occurring in isolation but rather, occurring wherever transnational NGOs are 
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operating. In fact, it could be argued that Transnational Conservation NGOs are not only 
creating “NGO landscapes” and “conservation territories” (Sundberg, 1999; Zimmerer, 
2006b), but they wrestle with “conservation territoriality.” In this context, transnational 
NGOs vie with other national and transnational NGOs to stake claims to specific 
geographic locales and then assert their particular rhetoric or conservation vision in that 
place. Once the organization has territorial claim and funding for a particular location, 
they will promote their conservation vision and concept of what is an appropriate view of 
nature in that place and among a community. The notion of conservation territoriality 
then creates power differentials, whereby the transnational NGO that establishes 
themselves in the region has access to international funding resources to drive and direct 
policy at local, regional, and the national scale. 
Therefore, the approaches to sustainable development via conservation initiatives 
vary and have changed with time (Blaikie and Brookfield, 1987a; Berkes, 1989; 
Bromley, 1990; Bebbington, 1993; Agrawal and Yadama, 1997; Bebbington, 2000). 
Goals that have emerged as a central focus for sustainable development include satisfying 
basic human needs, ensuring equity or social justice, or achieving self-determination and 
cultural diversity while maintaining ecological integrity (Alcorn, 1991; Corbridge, 1995; 
Escobar, 1995; Brooks and Balmford, 1996; Folke et al., 2002). In some form, most goals 
of sustainable development attempt to integrate plans for the future while supporting 
local economies and conserving natural resources.  
Multilateral institutional linkages, maintaining accountability, transparency, and 
legitimacy are increasingly looked upon as a way to effectively achieve environmental 
governance (Gibson et al., 2000a; Brunner et al., 2005; Lemos and Agrawal, 2006; 
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Ostrom and Nagendra, 2006). This perspective is grounded in research that examines 
how connections among grassroots organizations at a local, regional, national, and global 
level allow an overlap and exchange of ideas and resources (Agrawal and Gibson, 1999; 
Walker et al., 2004). The goal of these linkages is to channel information among and 
between institutions different scales of influence until policy is able to be made and 
transformed with the voice of the local people (Berkes, 2004; Adger et al., 2006). 
Institutional arrangements that are able to flow from the grassroots have been considered 
one of the best methods to achieve development and sustainability. The interplay of 
institutional arrangements are developed with lateral (or horizontal) and vertical linkages 
and dimensions (Escobar, 1998b; Hyden, 2001; Adger et al., 2006) for better distribution 
of information, dissemination, funds, and responsibility. Horizontal interactions relate to 
connections between institutions that are on a mutual level of organization and influence, 
whereas vertical interactions are generally across levels of governance (Lebel, 2005).  
Increased linkages and “layered alliances” between institutions, horizontally and 
vertically, permit local institutions to tap into distant but important state, national and 
transnational NGOs. As the process of “glocalization” increases interaction and as 
individuals are enmeshed in transformative processes of globalization, connections at 
various spatial, political, and temporal scales occur. If institutional linkages of adaptive 
governance are fostered among people working with natural resources, social capital may 
be fortified and trust relationships can develop (Putnam, 1993). It allows local people’s 
adaptations and cultural knowledge to function dynamically, while maintaining linkages 
with other institutional organizations.  
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Recognizing that socioeconomic pressures, human attitudes and behavior, and 
institutional arrangements are potential determinants of environmental conditions, 
research teams investigate these foci to reveal the processes that are taking place. 
Collaborative research teams have synthesized their efforts as a way to integrate various 
research methodologies to confront the complexity of issues, spatial scales, and 
approaches to study global change (Turner, 2002; Liverman et al., 2003; Young et al., 
2006b). The main goal, however, is to analyze the rapid rate at which patterns of land-use 
and land-cover change are emerging as a result of anthropogenic and biophysical 
processes (NRC, 1998; Liverman et al., 2003). The authors emphasize that scalar and 
transdisciplinary issues need to be addressed to improve understanding and model the 
cultural and political aspects of land-use and land-cover change. 
7.5 THE INTEGRATION OF MULTIPLE ANALYTICAL FRAMEWORKS  
Spatial patterns, which are observable with remote sensing techniques and 
modeled with GIScience, culminate in the physical expression of processes occurring in 
the biophysical environment, due to ecological and anthropogenic modifications and 
disturbances (Green et al., 1994; Frohn, 1998; Trani and Giles, 1999; Urban et al., 2002; 
Walsh and Crews-Meyer, 2002; Young and Aspinall, 2006). Currently, multidisciplinary 
perspectives, from geographers, ecologists, planners, or demographers, inform and 
influence the studies of landscape ecology (Forman, 1995; Burgi et al., 2004; Turner, 
2005; Mena et al., 2006; Young and Aspinall, 2006). The objectives of land change 
science requires researchers and contributors from interdisciplinary fields and 
organizations to bring multiple methodological and analytical frameworks together 
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(Liverman et al., 1998; Lambin et al., 2001; IGBP, 2005).  However, both landscape 
ecology and the study of land cover patterns are increasingly intertwined. In fact, Young 
and Aspinall (2006) found in a literature analysis that over 57% of 440 articles published 
in Landscape Ecology in an eleven year period were concerned with landscape patterns 
driven by human and/or biophysical agency. 
Three main themes that are mutual to the research perspectives of land change 
science and landscape ecology include: 1) biophysical analysis, 2) anthropogenic 
analysis, and 3) social-ecological systems. In research of landscape ecology and land 
change science, biophysical and human drivers and dynamics are important for research 
at different spatial resolutions through time. Anthropogenic modifications of landscape 
are linked to the manner in which people manage and environmentally govern natural 
resources. The heuristic device of Figure 6.1 portrays the multiple dimensional 
interaction and overlap of research interests between landscape ecology and land-
use/land-cover research. For example in this research, landscape patterns at Huascaran 
National Park were examined through remote sensing analysis and through landscape 
ecology principles. These were analyzed within a context of anthropogenic and 
biophysical parameters in terms of how local people in the Andes on the periphery of 
Huascaran National Park were negotiating livelihoods, conservation and historical 
legacies, and climate change. 
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Figure 7.2: An integration of multiple frameworks of analysis that can be used to address 
current research trajectories on Parks, People, and Climate Change. In this 
research, they are used to examine patterns and process of landscape change 
at Huascaran National Park with implications of climate change.  
 
Knowledge of the biophysical realm provides clues about the processes that are 
taking place that result in specific patterns and how those patterns are then shaped 
through time. Likewise, the anthropogenic realm gives insight into biophysical land cover 
changes and how they are altered with time. Frequently, anthropogenic factors and 
biophysical factors operate synergistically and with feedback loops. Examining the 
narratives and perceptions from the anthropogenic realm, how people identify and 
communicate their home, changes in the land, and social injustice can further identify 
patterns that may not be as readily apparent in the imagery. For example, Andean 
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households have already begun responding to climate change concerns by modifying and 
diversifying their livelihoods, adapting to new agricultural cycles and signs, and resisting 
conservation goals that may impinge on their social and community welfare (Young and 
Lipton, 2006).  
Dynamic and processual events, as demonstrated in this paper from interviews 
and narratives and observed in remote sensing imagery, have had an impact on the 
livelihoods of individuals and their current actions with regard to boundaries, resource 
management, and conservation goals of Huascaran National Park. Drawing upon the 
multiple analytical frameworks of landscape ecology, land change research, and cultural 
ecology and political ecology, this case study of Huascaran National Park demonstrates 
that historical and contemporary local, national, and international institutions are 
dynamically engaged in processes of landscape change while living through conditions of 
climate change. 
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Appendix 1 
Questions that were asked while using Trimble ProXRS and input into Data Dictonary.  
Geospatial Data and Interview Questions input into Access Database 
ID#  = Interviews and plots were coded 
according to site 
Location/Trip Name 
Field Assistant 
Time/Date  
 
District 
Province 
Caserio 
Anexo 
Sector 
Comunidad Campesina 
X Coordinate 
Y Coordinate 
Elevation 
Slope 
Aspect 
Weather conditions 
Land Cover Brief Description 
Land Use Brief Description 
Site Context 
Description 
Photo # taken 
(Sketch) 
Interview? (Y/N) 
Type: Informal 
           Formal 
           Household 
           Focus Group 
           Com. Mtg. 
Land tenure regime 
Owner of site 
Use at time of data collection 
Distance from road 
Paved, gravel, trail – level of use 
Disturbances (fire/animals/other) 
Animal dung present 
Irrigation (Y/N) 
Recently burned 
 
Informant Name: Coded, M/F, Age 
Community Member? (Y/N) 
CC name and Number of members 
Information about C. Campesina 
Membership role Sector/Caserio 
Family size / family not in Community 
Wage labor/profession 
Work  in Mine, tourism, industry 
How often make trips to city x 
What organizations participate in 
If under cultivation,  
Area in m
2
 
Crop cycle 
Plant and Harvesting time 
Length of fallow cycle 
Type of work required 
Inputs  
Average production/yield 
Adjacent land cover/land use 
Other fields under cultivation  
Ownership of animals? #, kinds 
Grazing area? Describe use and dates 
Condition of grasslands 
Bofedales/oconales present 
Do you burn? 
Animals health, vaccinations 
Use of animals 
Forest/Woodlands near by? 
Use of forests 
Animals (venado, taruga, condor) 
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Above is a list of questions that were asked during interviews to informants. Interviews 
were semi-structured and very conversational, these questions were used to help guide 
and direct the topics. 
Informal interview questions pertaining to landscape change  
(asked while in the field): 
How long have you lived here? 
How long has your family lived here? 
How long have you visited this area? 
How often do you come here?  per week, per month, per season, per year 
How do you use your land? 
How do you use communal land? 
 
What do you think is the biggest change in this valley? in the landscape? 
Is there anything different this year from last year? (fires/buildings, etc.?) 
Is it different from 5 years ago?  
What is the biggest difference between now and (earliest time in memory)? 
Is the weather different? 
Has the weather affected your crops, animals, health, family? 
How do you find out about the weather? 
Do you think this area will change in 5 years, 10 years, etc? 
How do you think it will change?  
What do you see changing in the future in the landscape? in the community? 
Do you think the land will look the same in the future? 
What do you want for your family in the future? 
What did your parents/grandparents tell you about this place? 
Do you recall the earthquake and aluvión? 
Do you recall days before agrarian reform?  
What are your memories about agrarian reform? 
 
Are we inside Huascaran National Park? 
Where is the entrance for the National Park? 
Where are the boundaries for Huascaran National Park?  
Are there park officials here? 
What is it like to live on the border of the National Park? 
Has the park made a difference in your life? 
Do you see or work with tourism? 
Are you involved in any projects with the Mountain Institute, CARE, or the Park? 
What programs are available to you? 
Are you involved in training programs? 
Are lands being managed well in your community?  
Are lands being managed inside Huascaran National Park? 
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Appendix 2 
 
List of medicinal and culturally relevant plants gathered in the study area 
Quechua / 
Common Name 
Scientific Name Use Location 
Alizo/Aliso Alnus acuminata 
Headaches 
Anti-rheumatism 
PM, PB 
Auja cora na To help the liver PB 
Wuawaculcha 
Wiruculcha 
na To help the liver/blood PB, PM 
Hierba Santa Cestrum auriculatum Antiinflammatory PM 
Jallcupacallunm na For lips and mouth PB 
Secsecpa violan 
Rarama Uullun 
Shipin 
na 
To regulate 
menstruation 
PA, PM, 
PB 
Tibul na Headaches PB 
Retama Sparticum junceam Baths, Cold, Headaches PB, PM 
Asno Marco Ambrosia arborescens Colic, digestive PB 
Ajenjo Artememisia absinthim Colic, liver PM 
Carqueja Baccharis tricuneata Kidney infections, liver PM 
Borraja Borago oficinalis Respiratory infections PM 
Jeto Jeto Gamochaeta americana Kidney, colic PM 
Huamanpinta Chuquiraga spinosa Urinary tract infections PB, PM 
Ortiga colorada Cajophora sepieria Respiratory infections PB, PM 
Muña Minthostachys mollis Stomachaches PB 
Jupey chucru Monnina salicicfolia Dandruff, hair growth PM 
Rima Rima Ranunculus weberbaueri Helps kids begin talking PA 
Ruta Ruta graveolens Menopause/PMS P 
Desconocero Perecia mulitfloria For lungs/pneumonia PA 
Chilca Baccharis latifolia For dry cough, dye PA 
Siete Sabios Viola replicata For elevation, eyes PA 
Queñual Polylepis racemosa 
For bathing, 
rheumatism 
PMA 
 309   
List of medicinal and culturally relevant plants gathered in the study area 
Quechua / 
Common Name 
Scientific Name Use Location 
Congona Piperomia rotundata Ear aches, cough, cancer PMA 
Huamanripa Senecio tephrosiodes Cough, flu PM 
Wina-wiña Senecio nivalis Lungs PM 
Matico Jungia schurae Feminine wash PM 
Matara Loricaria ferruginea Relaxative PB 
Quishuar Buddleja coriacea Astringent PA, PM 
Cola de Caballo Equisetum Diuretic, Kidneys PB 
Tara Caesalpinia tinctoria Throat infections PA 
Japru Japru Gynoxys Contra la Verruga PM 
Valeriana Perezia pinnatifiada Seadative, relaxant PA 
Llanten Plantago major 
Soothes inflammation, 
scars 
PA 
Eucalipto Eucalyptus globulus Soothes coughs, lungs PB 
Pimpinela Sanguisorba minor Stomacheaches PM 
Ortiga Urtica magellanica 
Reduces 
swelling/bruises 
PM 
Ancosh, Wila 
Wila 
Senecio canescense Expectorant PM 
Nogal Junglans neotropica Anti-inflammatory PB 
Pene del cuy 
Ascapa rurun 
Loricaria 
For chickens, cuy and 
animals 
PA 
Cuchi rocurrima na For gas PA, PM 
PA = parte alta, Upper puna 
PM = parte media, Intermediate puna, often riparian areas and scrubland 
PB = parte baja, Lower puna 
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